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Jacques-Yves Cousteau developed the 
aqualung in 1943, enabling him to 
spend more time underwater 


Robert Koch 

(1843-1910), German bacteriologist, who, 

together with Louis Pasteur, is considered the 
founder of modern bacteriology 


Antoine-Laurent Lavoisier (1743-1794), giving a demonstration 
of the power of air, proved that oxygen is necessary for 
combustion 
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Nicolas Copernicus (1473-1543), Polish astronomer: his Aristotle (384-322 ac), Athenean 
book De revolutionibus corporum coelestium was published in 1543 philosopher and logician, attacked by Ramus in 1543 
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At $2.80 per base, 
OPERON’S DNA makes 
anything POSSIBLE. 
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$2.80 PER BASE DNA FROM OPERON 


ANNOUNCING PRICE REDUCTIONS FROM competitive price. We ship our custom-made sequences in two 
THE WorLp’s LEADING SUPPLIER Or DN A. working days, on average. And that includes large orders and 


Operon’s price reductions present a whole new world 


orders placed late in the day. 


So don’t let your budget limit your thinking. Call Operon, 


of possibilities. Our custom DNA is now available for just the company that makes anything possible. In terms of speed, 


T > ó ; “¢ ~ 5 n A . z 
$2.80 per base with a $20 set-up fee per sequence. So you can purity, and savings, there are no bases for comparison. 


afford to do more — = get sis results. C ALL 1-800-688-22 48 EXT. 10 TOD AY. 


Operon consistently delivers precisely the product you 
need. On time. With unsurpassed purity. Backed by an e an 
unconditional guarantee. And, as you can see, at an extremely ( )- — 2 N 
b- n mA a <. WORLD'S LEADING SUPPLIER OF SYNTHETIC DNA 
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ISRAEL: ORNAT, Tel. 08/468043 ITALY: SPA - BioSPA Division, Tel. 02/81831 
or Cosmo Bio Co., Ltd., Tel. 03/3663-0723 
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This Electron Micrograph Demenstrates 
that DNA Isolated from Agarose Gels 
Using GELase“Is Pure and Intact... 


Dr. Philip Serwer, Professor of Biochemistry at the University of 
Texas-San Antonio, wanted to find a way to isolate intact high 
molecular weight DNA from pulsed field agarose gels for electron 
microscopic (EM) observation. This had never been done before 
because contaminating fibers of agarose from the gel look like 
DNA strands using negative staining EM. Thus, the agarose had 
to be completely removed, yet the method had to be gentle 
enough—with no DNase contamination or shearing—so the DNA 
remained intact. Dr. Serwer's lab found that GELase digests LMP- 
agarose to >99% completion, permitting recovery of intact high 
molecular weight DNA that can be seen using negative-staining 
EM (see photo). Dr. Serwer’s laboratory also used GELase to 
purify a protein-DNA complex from pulsed field gels for EM and 
other studies (Biochemistry, Vol. 31, pp. 8397-8405, 1992). 












“Here are 7 reasons that GELase is superior to any other method 
for purifying DNA or RNA from LMP-agarose gels.” 


5. DNA purified using GELase is ready to use and 
biologically active. 
DNA recovered using GELase is ready for use in restriction 
mapping, cloning, labeling, sequencing, transcription or other 
molecular biological experiments. 
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- GELase is easy to use. 


Just melt the gel slice with GELase Buffer, add GELase and 
incubate at 45°C to digest the agarose. To concentrate the DNA, 
add NH,0Ac and ethanol. The gel digestion products are soluble 
and won't precipitate with the DNA. 


2. Recovery of DNA is about 100% using GELase. 6. Gels electrophoresed in all common buffers 
Since GELase digests the gel matrix without any manipulation of can be digested using GELase. 
the DNA, there is no opportunity for losses to occur. If the DNA is The same simple procedures can be used for gels in TAE, TBE, 
concentrated, recovery is limited only by the efficiency of ethanol MOPS or phosphate buffers. 
recipitation of the DNA, which is usually hi fficient. 
sacar Nahas et ee 7. GELase protocols are the same for RNA as for 


Any size DNA can be isolated intact using 
GELase. 


GELase will not damage your DNA, whether you work with small 
PCR products or high molecular weight DNA—even megabase 
DNA from pulsed field gels. 


GELase is inexpensive. 

One unit of GELase digests 600 mg of a 1% LMP-agarose gel 
in 1 hour in GELase Buffer. That's about 3—4 average sized ge! 
bands. With an overnight incubation instead of 1 hour, the 200-unit 
size of GELase is enough to digest more than a KILOGRAM of a 
1% gel. 
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AUSTRALIA: Andromeda Scientific, Tel. 02/418-1684 AUSTRIA: ViennaLab, Tel. 01/74040-190 BENELUX: BlOzym Nederland BV, Tel. 045/427247 
CANADA: Cedarlane Laboratories, Tel. 800/268-5058 FRANCE: TEBU SA, Tel. 1/34-84-62-52 GERMANY: BlOzym Diagnostik GmbH, Tel. 5151/7311 
JAPAN: Bokusui Brown Co., Tel. Osaka 06/441-5103; Tokyo 03/3545-5720 
NEW ZEALAND: inter Med Scientific Ltd., Tel. 09/443-1284 NORWAY & DENMARK, FINLAND, ICELAND, 
SWEDEN: MedProbe AS (Oslo), Tel. 47-2/200-137 PAKISTAN: Commodore Business Intl., Tel. 42/361498 SINGAPORE: Sci Med (Asia) Pte. Ltd., Tel. 
2926418 SPAIN: Ramon Cornet SA, Tel. 93/237-55-62 SWEDEN: Bio-Zac AB, Tel. 0758/503-74 SWITZERLAND: INOTECH AG, Tel. 057/26-11-00 


DNA. 
Glyoxal or formaldehyde gels can be digested. And GELase is 
certified to be RNase-free. 


What is GELase? 


GELase is a novel enzyme preparation that digests the 
carbohydrate backbone of agarose into small soluble oligo- 
saccharides, yielding a clear liquid that will not become viscous or 


gel even on cooling in an ice bath. It permits simple and 
quantitative recovery of intact DNA or RNA from low melting point 
(LMP) agarose gels. GELase contains no contaminating DNase, 
RNase or phosphatase. 


*GELase is a trademark of EPICENTRE TECHNOLOGIES, Madison, WI. 





EPICENTRE TECHNOLOGIES 


1202 Ann Street 
Madison, WI 53713 
800/284-8474 





TAIWAN: PROTECH, Tel. 2/381-0844 UNITED KINGDOM: CAMBIO, Tel. 0223/66500 


For other countries, please contact EPICENTRE TECHNOLOGIES at Tel. 608/277-8474 or Fax 608/277-1268. 
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A vital communication link Give a colleague a subscription to Nature 
Nature provides a vital communication link for For the cost price of ONLY £81 in Eastern 
scientists around the world. However, because Europe/CIS or £95 Rest of World, you can donate a 
of the disparity of income between Western subscription to a scientist in Africa, Asia, South 
countries and other parts of the world, many America, Eastern Europe or the CIS. If you know of 
scientists simply do not have the hard currency a colleague or institution who cannot afford to 
needed to obtain Western journals. subscribe themselves, you can take out a gift 
subscription on their behalf. Alternatively, Nature 
will be happy to nominate an individual or Va 
We need your help institution for you. 


Nature is keen to ensure that these scientists do 
not become isolated from important scientific Every subscription will be greatly 
research. Although science is often impeded by i 

financial or political considerations, Nature appreciated 
believes science should be international. In 
order to help scientists around the world have 
the same access to the latest discoveries as you 
do, Nature is introducing a special gift 
subscription rate. 


Every recipient will be very grateful for the 51 
weekly copies of Nature that they will receive. We 
will also ensure that they know who has donated 
their subscription. 


From as little as £1.60 per week, you can ensure 
that scientists in less prosperous countries are able 
to continue with their research and that scientific 
discovery continues to be truly international. 





Appeal order form 





YES, I wish to send a subscription to a deserving |] Please charge my credit card account* 
scientist for the special price of £81 (Eastern _| VISA | Access/Eurocard | American Express 
Europe/CIS) or £95 (Rest of World) for 1 year. Card No. 
| would like to nominate the scientist below to Expiry Date 
receive a gift subscription. Signature 
| wish the subscription to go to: 
N Name 
ame 
Address 
Address 
a Postcode/Country 
Postcode/Count eed ae EERE Ar RE ES 
e a AEROS Ce Coa _| lam interested. Please send me further details 
Please identify a scientist for me of this scheme. 
| enclose my cheque for * made * Payment may be made in any currency worked 


payable to Nature out at the prevailing rate of exchange. 


co 
Please return this order form to Helen Jackson, Nature Marketing, Macmillan Magazines Ltd, 
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ENZYMES 


Thermostable— 
Exceptional activity remains, even 
after incubation at 95°C. 
Performance- 
Thoroughly tested by Promega 
to assure optimal results. 
Satistaction Guaranteed- 

You must be 100% satistied with 
Promega’s Tag DNA Polymerase 
or it’s free! 

Freshness Dating- 

Every tube is expiration dated, 
providing extra assurance of full 
performance. 


Tag DNA Polymerase 
M1861 
M1862 
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30% 
EXTRA 
FREE 


For a limited period”, Amersham 
is offering 30% extra free on 
every restriction and modifying 
enzyme. Respond now to take 
advantage of this offer. 


FREE 
TECHNICAL 
CATALOGUE 


Amersham's full range of enzymes 
for molecular biology research is 
detailed in its new enzyme 
technical catalogue. Make sure 
you have a copy to hand. 


FREE POSTER 





For further information fill out the 
coupon below or fast fax to: 
Unit 10, 

St Georges Industrial Estate, 
White Lion Rd, Amersham, 
Bucks, England HP7 9JQ 


FASTFAX 


+44-(0)494 765505 


* Lamitedd period: 26.11.92 to 29,1:93 
This after does not apply to Thermnstable 
polymerases - Tag, Tub and TET + 
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Annual enzymes budget 

Current supplier 

C) Yes please 1 would like a free 
technical catalogue 


C) Yes please 1 would like a free 
enzymes poster 
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Having taken the 
opportunity to listen to 
what you want, Amersham 
has improved its range of 
restriction and modifying 
enzymes. As well as range 
additions, benefits include: 





Amersham International pk 


I OT turther 


| | men . 
mtact your ioca } ce. 


information 





Daadar Candiana Ma cr 
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Opportunity 





@ Simple, effective buffer system - 5 buffers to 


cover the whole range of restriction enzymes 


@ 1 ml vials with linked screw cap to prevent 
cross contamination 


@ Pocket-sized batch analysis sheet 


è 30% extra tree 
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The year in prospect 

The coming year is likely to see 
a major upheaval of science 
policy in many countries. In this 
week's news pages Nature's cor- 
respondents identify the key de- 
cisions to be taken in 1993, and 
the probable effects on the 
world of science. Page 4. 


The other big bang 

The explosion that occurred 
about 10 km above Tunguska, 
Siberia, in 1908 has been esti- 
mated to have been equivalent 
to as much as 20 megatons of 
high explosive, prompting exotic 
including an 
encounter with antimatter or a 
small black hole. But a more 
likely event — the disintegration 
of a hypersonic stony asteroid a 
few tens of metres in radius — is 
suggested on page 40. News 
and Views page 14. 


in the greenhouse 

The direct effects on the meta- 
bolism of plants of increasing 
atmospheric concentrations of 
CO. should be added to the list 
of factors considered in climate 
models, according to Polley et 
al, Experimental data show that 
elevated CO. leads to increased 
efficiency of water use and in- 
creased carbon storage in 
plants, with possible consequ- 
ences for climatic change, as 
well as for the fossil and pollen 
records of past climates. Page 
61. The response of plants to 
elevated CO, in non-field based 
studies is discussed in Scient- 
ific Correspondence, page 24. 


Running story 

Dinosaurs from the Triassic 
period were described in Na- 
ture’s very first issue in 1869. 
Continuing this tradition, Sereno 
et al. describe the earliest- 
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‘Eighteen ninety-three and all that’, 
Heilbron and Bynum (page 9) air a 
new concept, 
anniversary’, uniting the individuals 
featured on the cover with other 
luminaries. 
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THIS WEEK .. . THIS WEEK... THIS WEEK... 





this week's Commentary, 


the ‘year of the 


(Mary Evans/Science 


Crop prediction 

A novel method of gathering in- 
telligence about the clandestine 
production of the coca plant is 
described on page 25, based on 
the use of climate data obtained 
from weather stations in Bolivia, 
the source of 40% of the world’s 
cocaine supply. 


Ribozyme structure 

All ribozymes require divalent 
meta! ions for function — but 
whether they contribute to the 
structure of the ribozyme or play 
a more direct rule in catalysis 
has been hard to determine. 
Piccirilli et al. (page 85) now 
provide evidence that metal ions 
are involved directly in catalysis 
and that the Tetrahymena 
ribozyme is a metalloenzyme 
with some mechanistic similari- 
ties to certain protein enzymes. 


Autumn ozone loss? 
Removal of the reactive species 
NO, from the springtime Antarc- 
tic atmosphere occurs via con- 
version of a short-lived NO, 
reservoir (NO.) to less reactive 
HNO. on the surface of polar 
stratospheric clouds, priming 
the atmosphere for ozone des- 
truction catalysed by chlorine. 
Simultaneous monitoring of 
stratospheric NO, and HNO, in 
the Antarctic autumn stratos- 
phere now reveals the conver- 
sion of reactive nitrogen to 
HNO3 in the absence of clouds; 
this presumably takes place on 
the surface of sulphate aero- 
sols, demonstrating the poten- 
tial for additional ozone losses 
during the autumn. Page 49. 


Fullerenes 3-D 
Xiang et al. report fluctuation- 
enhanced conductivity close to 
the superconducting transition 
in single crystals of KaCso and 
Rb2Cego. The measurements 
confirm that these materials 
= are genuinely three- 
dimensional super- 
conductors, unlike 


the oxide superconductors. See 


page 54. 


known theropod dinosaur on | Guide to Authors 


page 64 of this issue. 


Facing page 26. 
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ProNectin 


Fibronectin 


Coating Agent ug/ml BSA 


OPTIMIZING CELL ATTACHMENT 
and DNA TRANSFECTION 


RECOMBINANT CELL ATTACHMENT FACTOR - PRONECTIN: F 
RECOMBINANT CELL ATTACHMENT FACTOR - PRONECTIN: F- 


@ Produced by Fermentation A new genetically engineered cell-adhesion molecule. ProNectin 











recombinant attachment factor, has proved to be an extremely active and 
® No Blood borne Stable alternative to fibronectin. ProNectin F factor surpasses commercial 
Contaminants fibronectin in its ability to promote adhesion of an assortment of mam- 
@ Reliable and Reproducible malian cells to tissue culture plasticware. 
Cell Attachment 
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Z gene was transfected 
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British Bio-technology Products has reduced the 
price of oligonucleotide synthesis, whilst 
maintaining a no set-up charge policy. 





> Reduced to £2.25 per base. 
(0.2uM synthesis, crude) 





We also offer an extensive range of modifications 
at highly competitive prices. 


SPECIAL OFFER 
(Subject to Availability) 
FREE copy of one of the books 
opposite with a single 

bhp, e order for oligos 

f Jame totalling £350 or more* 
- “= To take advantage of 


SN 
` aP this offer please specify 












Offer ends 30th April 1993. 


*Certuding tases A Gelivery «hore acoroonete 


> PCR Protocols - edited by Michael A. Innis, David H. Gelfand, 
John J. Sninsky and Thomas J. White 


> Nonisotopic DNA Probe Techniques - edited by Larry J. Kricka 


Orders can be placed by facsimile or post. 
if you would like to receive more information about the range of 
modifications available, please return the coupon below 


FREEPHONE NUMBERS: 
Belgium: 078 11 04 68. 
Denmark: 80 01 85 92. 
France: 05 90 72 49. 

Norway: 05 01 10 33. British Bio iology Products Ltd 
Sweden: 020 79 31 49. 
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ther sober republics than Russia. 


ears past, an agreement between the United. States and 
sia to dispense with two-thirds of existing nuclear weap- 


ns would be hailed as the beginning of a new era of peace 


< and tranquillity. But that reading cannot be wrung from the 







Start I. President Boris Yeltsin of Russia, bruised by last 
~ month's congress, would have welcomed the chance to 
: ` appear, yet again, as a personage of international impor- 
tance, while President George Bush of the United States was 
no doubt alert to the history books that will | engulf him on 
-Inauguration Day, 20 January, —— — 
Start IL is a splendid piece of paper, bt 
letter until ratified not only by the Russis ja 
-the other de facto nuclear weapons. ate 
~ wealth of Independent States (CIS 
tee of what was once the Soviet Union. T 
CIS seems never to meet. Even last year’s Start I treaty has 
mol) yet won its approval. The US Senate is hardly likely to 
-give the treaties a hearing until there is some action in Minsk 
(the formal seat of the CIS). Peace and tranquillity are 
meea until then. 
-So the true significance of this ‘peck’ s signing ceremony 
Me is the reminder it should provide of the ambiguity of the ex- 
5 Soviet republics « on nuclear weapons. During the past year, 
om. the republics have been zealous at appropriating to them- 
selves ex-Soviet equipment lying on their territory. The 
Jkraine, in military strength next only to Russia, has said 
has no wish to be : a free-standing nuclear power, but has 
erted rights 1 to the weapons left on its territory. As time 
ses and nothing much happens a at Minsk, the Ukraine 
other republic governments must be tempted to regard 
ir “own” nuclear weapons as a symbolic counterpoise to 
“power that remains in Moscow. At the very least, 
eltsin would have to ask them nicely even formally to 
gree to a continuation of present arrangements for control 
nd command of them. The republics would not readily 
ive up the right to ask for something in return. 
_ That is why the most urgent task for the diplomats who 
ve worked up Start H is to create the kind of forum in 
ich the republic governments can be properly engaged 
discussions of the strategic relationship of the CIS with 
he outside world. If Minsk remains inactive, why not 
rrange a separate forum, at Geneva or elsewhere? Boringly 
or those concerned, in such a setting it would be necessary 
to re-educate a new set of participants from the East in the 
arguments. for believing that Start I] is in everybody's 



















` ne rouble’ is that the 









































‘signing ceremony last Sunday in Moscow of the treaty. called 
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interests. Meanwhile, Sunday’s s signing ceremony will 
have been symbolic only. X 
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Gallo on the rack 


AIMSER A NETIA A AAN FO: 


The latest government pronouncement raises questions 
about the office eor as well as about Galio. 








THE dictum that to be just, justice must be swift seems not to 
apply to Robert C. Gallo, the researcher at the US National 
Institutes of Health (NIH). The latest opinion (see page 3) 
from the Office of Research Integrity (ORI) within NIH's 
parent body, the Department of Health and Human Services, 
is another setback for him, but an inconclusive one, Gallo says 
that the half-sentence now called a “lie” has been misunder- 
stood. In due course, his lawyers may help him make his expla- 
nation stick. Last May, a committee of the NIH accepted it. — ae 
Last May's report, leaked in unfinished form, was most. 
damaging of Gallo for what it had to say about the manage- eee 
ment of his laboratory during the period in the 1980s when 
the hunt for the AIDS virus engaged everybody’s attenti 
there. It was a laboratory in which mistakes such as the 
misattribution of samples could easily have hap sened. TI 
does not, of course, imply that Gallo or anybody else 
knowingly misappropriated Montagnier’ s virus, then called 
LAV. Nor does sloppiness constitute misconduct. ‘But that 
also explains why Gallo has been unable to prove that his 
virus and that of Luc Montagnier of the Institut Pasteur have 
independent origins. Gallo’s initial disbelief of Montagnier’s 
claim to have isolated a virus from AIDS patieats,swhict he he. 
has since acknowledged to have been unfortunate, inevita- 
bly colours the dispute that has rumbled on since 1984. 
What should happen now? Gallo’s energy and resources 
were crucial in the speedy identification of the virus respon-- 
sible for AIDS, and for the diagnostic tools in use since the 
second half of 1984. But Gallo’s estimation of his own 
laboratory’s progress was immodest, while Montagnier de- _ 
served more credit than Gallo gave him. It is futile to expect — 
that further parsing of the literature can decide whether Gallo. 
and/or his associates a used a 's vifus as- 

































States, agreed in 1986, should persist: Th e T o ) sie m 
investigative office can. function as a univers 
is even less tenable now than when it belonged toN 





-+ Washington. John Gibbons, named last week 
-as science adviser to President-elect Bill 
: Clinton and director-designate of the White 
House Office of Science and Technology 

Policy, fits the dominant profile of those 

© joining the new administration: an experi- 
enced and respected administrator, 
a team player and someone with 
strong ties to Congress. And 
while scientists are pleasantly sur- 
prised that he was selected as part 
of the initial round of cabinet 
appointments, their happiness is 
tempered by uncertainty about the 
fate of research under the new 
administration. 

Without exception, those who 
know the 63-year-old Gibbons and 
his 13 years as head of the Office of 
Technology Assessment (OTA) 
hold both in high regard. “It's a 

= © Choice made in heaven”, says 
- Jeremy Stone, president of the Fed- 
eration of American Scientists, one 
of three scientific organizations to 
have honoured Gibbons recently 
for outstanding public service (in 1991 the 
American Physical Society (APS) gave him 
its Leo Szilard Award, and last year the 
American Association for the Advancement 
of Science bestowed its Philip Abelson Prize 
on him). “He’s a perfect match for a presi- 
dent and a vice president who want to under- 
stand complex issues, and he’s survived the 
political wars that go along with some of 
these issues.” 

Gibbons is a former nuclear physicist 
turned public servant who is in the midst of 
his third six-year term as director of OTA, 
an arm of the US Congress that churns out 
one major report a week on topics ranging 
from genetic screening to nuclear weapons. 
Gibbons is widely credited with rescuing 
+ the 20-year-old agency from the political 

-squabbling that crippled it during its early 
years and turning it into an effective, non- 
partisan and parsimonious government 
agency. His early career was spent at Oak 
Ridge National Laboratory, studying stellar 
evolution and the origins of heavy elements 
_ in the Solar System. During the 1970s he 
_ worked onenergy and environmental policy, 

-iñ particular on. conservation and the 

efficient use of energy. oes 

With Vice President-elect AL Gore ÈX- 
| pected to be the chief architect of adminis- 
tration policy on science and technology, 
Gibbons is seen as an excellent choice for a 
_ supporting role. “He'll be presenting the 
options to Al Gore, just as at OTA he pre- 
sented options to Congress”, says APS’s 
Bob Park. Adds Robert Fri, president of 
























Resources for the Future, an economic think 
tank in Washington which Gibbons served 
as a member of the board of directors for 
nearly a decade, “he’s not bland, and he’s 
perfectly capable of speaking his mind. But 
he’s not someone who needs to see his name 





Gibbons is at home with data. 


and his picture in the newspaper every week.” 

Although Gibbons has declined to grant 
interviews since his appointment, he is 
believed to share Clinton’s view that the 
government should support advanced 


technology as a 


a way of strengthening the 
US economy and improving the country’s. 





standard of living. What the new admi 


nistration has not said, however, is whether 
that support will come at the expense 
of basic research. 

Last year, Gibbons said that the 
ultimate rationale for federal spend- 
ing on basic research is its relevance 
to broad, national goals. But Gib- 
bons also criticized such expensive 
scientific projects as the Supercon- 
ducting Super Collider and the 


_. whistling in the shadow” 


At OTA, Gibbons was adept at 
combining disparate views and pro- 
ducing reports seen as comprehen- 
sive, balanced and useful to policy 
makers. As science adviser his job will be 
to serve the new president in a similar 
manner at the same time he tries to make 
Clinton’s decisions palatable to the scien- 
tific community. Jeffrey Mervis 


Healy: In or out at NIH? 


Washington. One of the more entertaining 
games for biomedical researchers these days 
is speculating on whether US President- 
elect Bill Clinton will remove Bernadine 
Healy as director of the National Institutes 
of Health (NIH). The heavy betting at this 
stage is that he will. 

In the past few weeks the Clinton transi- 
tion team has asked a number of prominent 
research physicians if they would be inter- 
ested in Healy's job, adding to previous 


rumours that Clinton plans to replace her. 
Last week, however, Donna Shalala, his 


nominee to head the Health and Human 
Services Department (HHS) of which NIH 
is a part, told the transition team to stop 


its inquiries. It is not clear whether that 


message was an implicit endorsement 
of the incumbent or merely a sign from 
Shalala, a member of the NIH director’s 
advisory board, that things were moving 
too quickly. 

_ No one had reached the top of the hist 
before Shalala’s intervention, mainly be- 
cause the NIH position is not yet a priority 
for the new administration. And some 


potential candidates have already said “noas 
The idea that Healy would be 


thank you”. 
safe because she is a woman has faded in the 
face of Clinton’s appointment of two women 
(Shalala and Surgeon General- -designate 


Jocelyn Elder) to higher-ranking: pos niin 


wiithin HHS. 


Healy, who joined NIH in April 199] 


after her appointment by Republican 
President George Bush, has not won wide 
support. Although she took the politically 
correct route of establishing a multi- 


million-dollar “women’s health initiative”, 


she has failed to win the enduring support 
of the women’s political caucus in 
Congress. Her conscience-driven but politi- 


cally risky confrontations with US Repre- 


sentative John Dingell (Democrat- 
Michigan) has put him on her list of 
enemies. And her “strategic plan” for 
biomedical research was seen as an attempt 
to impose NIH as ‘Big Brother’, weakening 


her support within a scientific community ` 
that, in previous years, has lobbied to. keep 


the NIH director in place during pr esidentia 
transitions. 


NATURE - 


Space Station Freedom —- projects 
with important political constituen- - 
cies that Clinton and Gore support sees EE 
for “starving” individual investiga- 

tors in those fields, and he said that. 
reports calling for increased federalo 
spending on research “are simply — i 
Of thee 
$350-billion-a-year federal deficit. 


EO ER. 

























an's science-related ministries and 
ave managed to receive compara- 
ealthy budgets for 1993 despite a 
ipdown on government spending be- 
use of the recession. But some of the most 


a ambitious proposals, in particular from the 

















What Japan will spend 
on science in 1993 


G billion yen; 125 yen = US$1) 










mT Amount 

Jerall. R&D 281.9 

Industrial. technology 25.3 
(New Sunshine Project 53.9 
Boe “Human Frontier Program 3.9 * 


* shared with Science and Technology Agency _ 


: Special Promotion Funds 13.3. 
Space 187.0. - 3° 
=>: Nuclear Energy 3236 
C SITER 6.9 . 
< Ocean Research 12.0 
=- ERATO 6.9 
-Human Genome 1.6 
MESC 
 Grants-in-aid of research 73.6 
ADS 10.1 






























pee oF F doubling the government budget 
: Tor science and technology is Aeros 
r into the future. 

The total budget for fiscal year 1993, 
h starts on | April, was set last 
k by the cabinet at just over ¥72,000 
mn (US$580 billion), an increase 
only 0.2 per cent from 1992 and 
‘smallest in six years. Proposals for 





wourably, however, in line with a commit- 
‘nt last year to double the government 
<: budget for science and technology “as 
< soon as possible”. The budget must be 
-approved by the Diet in the next few 
ionths, but funding for science and 
nology is unlikely to change. 

Despite the favoured status of science, 
TI received only slightly more than 
(8.7 per cent) of its request for an 


velopment, to more than ¥300 billion 
(US$2.4 billion). Nevertheless, MITI has 
ucceeded i in gi nga large boost to its New 





anese science stands out 
recession squeezes budget 


and the ‘date for ae E T 


ence and technology were treated 


ease of 16 per cent in research and 


Sunshine Project, which covers research 
on alternative energy, energy conservation 
and ‘environment friendly’ technology. 
The Industrial Scientific Technology 
programme, covering the ministry’s ‘large- 
scale’ (ogata) and ‘next-generation’ 
Giseidai) projects and attracting 
" foreign as well as Japanese com- 
panies (see Nature 360, 500; 
1992), received an increase of 
7,2 per cent. But at the same 
time, the Human Frontier Science 
Program, which is funded jointly 


Change — with the Science and Technology 

+8.7% Agency (STA) and which sup- 

+ 7.2 ports international research on 

+ 7.2 the brain and molecular biology, 

>+ 1.0 was held practically constant, 
at ¥3.9 billion. 

< The Ministry of Education, 

5 0 Science and Culture (MESC) re- 

4+ 5.4% ceived most of its request for a 16 

` E209 -percent increase in the budget for 

+ 8. p- research grants for university 

27 researchers. Its 14 per cent in- 

4978 crease, the largest in more than a 

-~ decade, will raise its budget to 
+71 ¥73.6 billion. 

+9.5 The Ministry of Health and 

+ 45.5 Welfare (MHW) also succeeded 

| in getting a significant increase 

| + 13.9 in its budget to fight AIDS 

one through research, screening, coun- 

es 480.0 selling, local government subsi- 


| | even with a fivefold increase, 
to just over ¥10 billion (US$80 million), 

its budget is tiny compared with those in 
‘the West. 

STA also will receive 20 per cent more 
for its ‘Special Promotion Funds’ to provide 
grants for government researchers. But its 
budget of ¥13.3 billion is still small com- 
pared with that of MESC. 

The agency’s space budget continues 
to rise rapidly because of Japan’s commit- 
ment to the US Space Station Freedom 
while nuclear energy, which consumes 
over half of the STA’s budget, has been 
given an increase of only 2.7 per cent. 
However, within this outlay the budget for 
the International Thermonuclear Experimen- 
tal Reactor (ITER) project will increase by 
nearly 30 per cent as Japan begins the engi- 
neering design phase of ITER at Naka in 
Ibaraki Prefecture (see Nature 360, 615; 
1992}. The agency’s small (¥1.6 billion) 
budget for the human genome project will 
increase by 45 per cent, with most of 
the extra money going towards a computer 
link with the database at John Hopkins 
University in Baltimore. 

David Swinbanks 


dies and public education. But 





US report finds 
NIH’s Gallo guil ty 
of mis QT? pi 








Washington. In a new twist to the case of 
Robert C. Gallo and the AIDS virus, a 
high-level review body of the US Depart- 
ment of Health and Human Services {F 
has partially overturned an earlier report 
that vindicated the National Institutes 
of Health (NIH) researcher of scientific 
misconduct in a long-running dispute 
with scientists from the Pasteur Institute in 
Paris. Specifically, the HHS*s Office of 
Research Integrity (ORD) says in a report 
issued last week that Gallo lied when he 
wrote in a 1984 paper that a putative AIDS 
virus (then called LAV) developed by Luc 
Montagnier of the Pasteur had not been 
transmitted to a permanent cell line. 

The dispute centres on the fact that LAV 
and HTLV-Hib are structurally nearly iden- 
tical, even though in the early stages of 
AIDS research they seemed to be biologi- 
cally different —- one grew in culture and 
one did not. The confusion was cleared up 
more than a year ago when unpublished data 
from Montagnier’s laboratory revealed that 
both research groups had actually been work- 
ing with a virus designated LAL that con- 
taminated the LAV sample at Pasteur before 
it was sent to Gallo. 

In May 1992, NIH cleared Gallo. of 
charges of scientific misconduct for alleg- 
edly “misappropriating” an AIDS virus from 
French collaborators. But it found his col- 
league, Mikulas Popovic, guilty of miscon- 
duct on minor counts regarding the way in 
which data were reported in a paper pub- 
lished in May 1984 in Science (see Nature 
387, 3; 1992). 

These conclusions came from NIH’s 
Office of Scientific Integrity and were ap- 





proved by NIH director Bernadine Healy. 


who forwarded the NIH report to the newly 
formed Office of Research Integrity in NIH’s 
parent Department of Health and Human 
Services. Reviewing the case herself, Healy 
found no evidence of fraud and said so. But 
her position plainly angered US Representa- 
tive John Dingell (Democrat-Michigan). 
who accused Healy of conducting a white- 
wash and whocalled the NIH report a “deeply 
flawed” document. 

This posed a dilemma for ORL If it 
rejected Healy's endorsement of the report, 
ORI would be criticizing her judgement and. 
that of other NIH officials who also stood 
behind Gallo. But if it supported Healy, it 
would have to explain itself to Dingell. : 

The new report finds Gallo g 4 
count of scientific misconduct fo 
falsifying part (but not all) of a s 
the Science paper. Gallo wrote th: 
parent differences between his virus 
called HTLV-IHb) and Montagnier’s migt 
be “due to insufficient characterization o e 
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LAV because the virus has not been trans- 
mitted to a permanently. growing cell line 
for true isolation... 

Popovic, who in 1983 and. 1984. was the 
first anywhere to get an AIDS virus to grow 


in sufficient quantity to develop a test to 


detect the virus in the blood supply, had 
actually transmitted LAV to a cell line, 
although it did not grow well or for long and 
the Gallo group did not attempt to character- 
ize it. Gallo says the sentence is intended to 
refer only to the fact that the French had not 
grown LAV in a permanent cell line (which 
they had not). The May NIH/OSI report 
decided that the reference was ambiguous 
but found no evidence to refute Gallo’s 
explanation. 

But ORI concluded instead that “Gallo 
falsely reported the status of LAV research” 
in the paper and is therefore guilty of scien- 
tific misconduct. In an odd twist, the ORI 
- report simultaneously concurs with the NIH/ 
OSI finding that Popovic is guilty while also 
coming very close to saying it does not 
matter. “The confirmed scientific miscon- 
duct on the part of Dr Popovic is relatively 
minor’, it states, “does not invalidate the 
findings of his breakthrough research and 
should not preclude his employment as a 
scientist.” (Popovic has been out of work for 
nearly two years.) 

Gallo, who says that he will appeal, calls 
ORI's interpretation of the controversial 
sentence “utterly unwarranted” and the in- 
vestigators “incompetent”. Popovic is also 
-expected to appeal. “There is no evidentiary 


basis for any finding of scientific miscon- 


duct”, says his attorney; Barbara F. Mishkin. 

And so the case goes on, with energy on 
both sides of the Atlantic being diverted 
from the fight against AIDS. 


Barbara J. Culliton 


EC increases 
Framework budget 


London. Research ministers from the I2 


member states of the European Communi- 
ties (EC), under pressure to reach a decision 
by the end of the year, agreed two days 
before Christmas to spend more on the final 
two years of the Third Framework Pro- 
gramme, through which the EC Commis- 
sion supports its joint research projécts. — 
F The ministers agreed to provide an extra 

_ ECU900 million (US$1.2 billion), spread 
over 1993 and 1994, The new money will 


mean an increase of 13.3 percent for most of 


the 15 programmes under the Framework 

umbrella. However, fusion energy (which is 

ferent budget cycle) will receive 

24 per cent and non-nuclear 
s will get 38 per cent more. 

The final figure is a compromise be- 
tween an increase of ECU750 million that 
the British government wanted and as much 
as ECU1.5 billion sought by the European 
Commission. David Dickson 
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Forecast 1993 


Eastern Europe 


Three years after the fall of the German 
Democratic Republic triggered a domino 
collapse of communist states in Central and 
Eastern Europe, celebrations of the new 
year have lost their sparkle. The arrival of 













Nature takes a look into its crystal ball at prospects over the next 12 
in several important areas relating to research and the scientific | con mn 









struggling to establish a science ise in the 
new democracies. vee 
Money is in short supply everywhere, = 


but science reform and restructuring (usu- : 


ally a euphemism for redundancies) have 
proceeded very gradually because of social 
resistance. Most Central and Eastern Euro- 
pean countries had followed the commu- 
nist model, itself based on the French 
model, of separating research from higher — 
education. Reestablishing links. between. : 
universities and research and breaking 





research has been more difficult than first 
thought. : 
Furthest along the track are Poland and E 


H Hungary, where universities andacademies 







| had managed to maintain their distance 
from the communist party. Furthest behind 


== |: are Romania and Bulgaria. Romania is the 











1990 was greeted with unsurpassed opti- 


mism; by contrast, the mood in 1993 could 
hardly be more different. 

Holding up the best is the former East 
Germany itself. Universities and research 
centres, restructured along Western lines 
with formidable speed and determination, 
were relaunched on | January this year on 
the same legal basis as those in western 
Germany. In the past three years, the Ger- 
man Academy of Sciences and its institutes 
have been dismantled, but two new national 
research centres and two Max Planck Insti- 
tutes (plus eight departments) have been 


founded. Nineteen applied research 
Fraunhofer Institutes set up in 1991 must 
meet their goals by the end of this year or 


face closing. 


Although the stage is now set fie: a bri ght 
long-term future, it has not been an easy © 
three years. Academic pay is still only 80 per 
cent of that in the west, and no-one knows 


the fate of the tens of thousands of scientists 
dismissed from overstaffed institutes dur- 
ing the ruthlessly enforced renewal process. 

Although the methods have caused pain 
and resentment, the worst is now over. More 
intractable problems face other countries 


not tried to evaluate its research activities’ 


the Ceaucescu regime. Bulgaria, ina simi- ` 
lar but less severe situation, planned an 
evaluation last October but failed to reach 
a consensus on how to proceed. 
Between the extremes lies the former ` 
Czechoslovakia, whose decision to di- 
vide delayed the reform process on both 
sides. Czech research is relatively strong 
but academic restructuring has hardly 
begun. By contrast, Slovak research is 
weaker but its academic system has 
always been more liberal. The Czech Re- 


public starts the new year with a new, gov- 


ernment-directed research plan; Slovakia 
hopes to institute a science policy by April. 

Science in the former Soviet Union prob- 
ably faces a prolonged economic crisis. Many 


fear the disintegration of an infrastructure ~~ 
that once provided pockets of world-class ~ 


research. 

Central and Eastern European countries 
continue to call for foreign aid as short-term 
measures to help stem the flow of scientists 
to the West. The European Commission has 
recently allocated ECU55 million to fund 
cooperative projects during 1993. Individual 
institutes —~ and some individuals — in the 
East have offered help of various sorts, and 
the solidarity within certain close-knit inter- 


_ national communities, such as astrophysics, 
has also’ meant practical support for some 
i projects, 


But these ‘initiatives are dwarfed by an 


economic depression on a scale not seen for 
- decades in Western Europe. In such circum- 
stances, science and research will remain — 


low on any government's list of priorities. 
in 1993. i 


Alison Abbott = 
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down the political powers in scientific 4 


only former communist country that has 


because of the extensive damage done by ` 











t forward for gene therapy 


t month's approval by the Recombinant 
Advisory Committee (RAC) of the 
Institutes of Health (NIH) of three 
lent proposals to begin limited tri- 
‘the severe hereditary lung disease, 
‘fibrosis (CF), heralds a new era 
gene-therapy research for common 
editary diseases. 
Until now, gene therapy has focused 
i largely on expensive ex vivo approaches for 








“rare diseases, including certain forms of — 


_ cancer and immunodeficiency, although. the 


-RAC last year also approved ambitious pro- _ 


~ posals. for brain and lung cancer. By con- 
_ trast, the CF proposals call for the direct 
administration in vivo of the normal CF 








-` safety of such viruses and the efficacy with 
- which they can be prevented from replicat- 
ing, the RAC passed the three proposals 
“unanimously. Many- experts believe that 


such direct administration is necessary to 
ze.the true potential of gene therapy i mo 








Diei. 


setting. 


_ gene-therapy trials are in progress, so 


far with mixed results. Efforts to treat rare 


_ genetic disorders such as adenine deaminase 
_ (ADA) deficiency in two children and 
_ familial hypercholesterolaemia (FH) in an 
_. adult woman are proving effective. Indeed, 
_ James Wilson of the University of Michi- 
an, whose team is treating the female FH 
| patient with the low-density lipoprotein 
__ feceptor gene, was recently granted permis- 
-sion by RAC to extend the study to four new 
_ patients. By contrast, studies using trans- 
`- formed tumour infiltrating lymphocytes have 
come under fire (see Nature 360, 399; 1992) 











Bet -conclusive results. Research questions re- 
~. main about the purification of viruses in 
~ . large quantities and the targeting of specific 
“populations of cells. 
_ The next twelve months may see Euro- 
ean researchers gaining ground. Two 
rominent European investigators, Dinko 
ilerio in the Netherlands and Claudio 
ordignon in Italy, are already attempting 
“to target stem cells to prolong the effective- 
~ ness of the treatment for ADA deficiency. In 
. Germany, a proposal by Roland 
=- Mertelsmann to transfect the cytokine 
interleukin 2 into fibroblasts before using 
them as a vaccine for cancer patients was 
-< recently approved by the state of Baden- 
<3 Wiirtenberg (see Nature 360, 702: 1992). 
<- In Britain, however, a proposal by 
~ Valerio’s collaborators to begin trials for 


















sgy for CF therapy from investigators in 
London, have suffered because the govern- 


eview board. Similar concerns among other 
opean investigators regarding the 





ie encapsulated | within an adenovirus gw 
ector. Despite earlier concerns about the - 


-Jn the United States, at least 15 clinical | 
‘Spots is 
1S weathering. the recession with continued 
heavy investment in drug development. 


3 o nounce a cut of $1 billion in its planned 
nd many other trials have not yet yielded 


ADA deficiency, as well as a separate strat- 


“ment has not yet set up a formal expert 


paucity of approved gene-therapy trials has 
prompted some to approach the RAC about 
the possibility of using it to examine Euro- 
pean-based. proposals. 

With anxieties about the safety issues 
and effectiveness of gene therapy decreas- 
ing, 1993 could see a spate of new proposals 
as investigators turn to new diseases and 
alternative strategies to deliver healthy genes. 
Many other proposals are likely to be of the 

“gene marketing’ variety, in which research- 
ers tag populations of cells such as bone 


marrow. cells with a recombinant marker 
gene before transplanting them back into 
the host. 


Kevin Davies 





| This year seems likely to be another gloomy 
.12 months for industrial research and devel- 


opment (R&D) as the global recession con- 
tinues to depress spending and force cut- 
backs in research. One of the few bright 
he pharmaceutical industry, which 





Last year, even Japan, which maintained 


buoyant growth into the 1990s, found it 


could not escape the tide of recession. 
Major players in Japan's industrial re- 
search, such as the electronics and au- 
tomobile industries, have been forced 
to freeze R&D budgets as their profits 
fell to all-time lows (see Nature 356, 
93: 1992). The end of 1992 saw Inter- 
national Business Machines (IBM) an- 


outlay on R&D worldwide in 1993, the 
latest in a string of bad economic news 
that included last summer’s announce- 
ment by British Petroleum that it will 
shed nearly half of its research staff in 
Britain and the United States (see 
Nature 358, 528; 1992). 

Prospects for the coming year look 
even grimmer. An end-of-year survey 
by the Washington-based Industrial 
Research Institute, an organization 
representing 260 prominent indus- 
trial companies, predicts that the 
recession will hit R&D spending in 
the United States even harder in 
1993. More than a quarter (28 per 
cent) of the 141 companies reply- 
‘ing to the survey say that they plan 
to cut their R&D budgets this year 
and even more (36 per cent) will spend less 
on equipment and R&D facilities. In Japan, 
the recession has prompted some bizarre 


economy measures, including switching off 


the heating during lunch breaks and elimi- 
nating business cards for researchers (see 
Nature 368, 98; 1992). 
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Despite a supplementary budget of more 
than ¥10,000 billion (US$80 billion) intro- 
duced by the Japanese government a few — 
months ago to boost the economy, the reces- 
sion in Japan is expected to continue well 
into this year, and many observers predict 
that companies will be forced to slash their 
R&D budgets during the 1993 fiscal year, 
which begins on | April. 

The recession is also affecting Japanese 
government research spending. Neverthe- 
less, industry, including some non-Japanese 
companies, is turning to Japan’s Ministry of 
International Trade and Industry (MITT) for 
support of long-term precompetitive 
research. 

The situation is particularly severe in 
Europe because of the costs of reunifying 
Germany. In western Germany, 1,500 re- 
search positions will be shed in national 
research institutes and Germany has cut its 
funding to large-scale European projects, 
such as the European Space Agency and 
CERN (the European Laboratory for Parti- 
cle Physics) (see Nature 360, 701, 1992). 
The development of a strong research base 
in Spain through increased government 
spending has also been delayed by the reces- 
sion (see Nature 360, 3502: 1992), And the 

leading government organization for ap- 
plied research i in the Netherlands, the TNO, 
has been told to find more ney from 
_ industry because of cutbacks 
support (see Nature 360, 402: 1992) 
‘The only bright spot in all the. gioom is 
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the drug industry. As one of 
Japan’s Takeda Pharmaceut 
puts if, “people have to cor 
drugs even in a recession”, Glaxo. 
ish-based pharmaceutical group and one g of 
the largest companies in the world, plans to 
boost its R&D spending from £600 million 


5 














(US$900 million) to £720 million in 1993 
to try to maintain its success in developing 
such popular drugs as its anti-ulcer medi- 
cine Zantac. And while most of Japanese 


industry has held down R&D spending, 


Japan’s drug industry increased its spend- 
ing on R&D in 1992 by 6 per cent, a rate well 
above inflation. Similarly, in the United 
States and Switzerland drug companies are 
maintaining heavy investment in drug de- 
velopment, exceeding 10 per cent of sales. 
Another glimmer of hope is offered by 
the election of Bill Clinton as US president. 
Many observers expect Clinton to strengthen 
government support of industrial research, 
much as the Ministry of International Trade 
and Industry does in Japan. But any such 
policies are unlikely to have much effect on 

spending during 1993, 
David Swinbanks 


: Agricultural biotech 
moves into spotlight 


The year is likely to be the most critical yet 
for the agricultural biotechnology industry. 
This summer, all eyes will be on Calgene, 
Inc. of Davis, California, as it introduces its 
rot-resistant Flavr Savr tomato into the $3.5- 
billion annual US market. A successful 
launch will also pave the way for the next 
wave of genetically engineered foods and 
make it easier for agricultural biotechnol- 
ogy companies to raise capital. 

Roger Salquist, Calgene’s chairman and 
chief executive officer, has become the in- 
dustry’s standard bearer in building con- 
sumer confidence in genetically engineered 
foods and doing battle with critics. A fre- 
quent foe is Jeremy Rifkin of the Washing- 
ton-based Foundation on Economic Trends, 


ae -who agrees that this year will also be critical 
for the foundation. He has promised to step 


_ up his ‘Pure Food Campaign’, and to lead a 
~ boycott of each new genetically engineered 
~ food until regulators implement pre-market 
testing and labelling of the foods. 

All Calgene has actually done with its 
Flavr Savr tomato is to isolate the gene that 
codes for the polygalacturonase enzyme and 


-reintroduce it into selected tomato varieties 


in the reverse or ‘antisense’ orientation. 
That change blocks the action of the en- 
zyme, which causes softening of the fruit, 
by as much as 99 per cent, producing a 


betier-tasting, longer-lastin g tomato that can 


be harvested from the vine when ripe instead 






-~ of ripening artificially. If Calgene’s tomato 
-is rejected by consumers, predicts Louis Da 


: Gama, executive director of the UK 
` Biolndustry Association (BIA), the idea of 
introducing novel genes into crop plants 
“will be-dead in the water”. 

The Flavr Savr tomato is expected to be 
followed within a year by crops able to 
tolerate herbicide treatments, and within 
two to three years by crops resistant to insect 
attack. Eventually, companies hope to 












develop families of genetically modified 


oils and fatty acids for use as foodstuffs and 


in industrial applications as biodegradable 
lubricants and hydraulic fluids. 

At the same time, there is little reason for 
optimism among those working on novel 
animal technologies. Genetically engineered 
bovine somatotropin (BST), when injected 
into lactating dairy cows, can boost milk 
yields by 10 per cent or more but offers no 
benefit to consumers. Despite a clean bill of 
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health from several review panels, the drug 
has become a prime target for consumer 
lobbyists who have raised questions about 
its safety and who say that it will put small 
farmers out of business. 

Some expect a smoother regulatory ride 
in the United States for genetically engi- 
neered porcine somatotropin, which when 
given to pigs produces leaner meat. Philip 
Paxman, chairman of the European Trade 
Association for Advanced Animal Breed- 
ing, points out that a more efficient, more 
profitable animal is not enough. “There also 
has to be a social benefit”, he says, such as 
the use of animals to produce hurnan thera- 
peutics or as model systems to study human 
disease. 

Early this year, the European Commis- 
sion (EC) is expected to start a significant 


research initiative in agricultural biotech- 
nology involving more than 50 research 
laboratories. Managed jointly by the John 
Innes Centre in Norwich, England, and the 
Max Planck Institute for Breeding Research 
in Cologne, Germany, and funded initially 


for three years, the programme is. intended 


to strengthen the European science base and 


make it a stronger international competitor. 
Richard Flavell, director of the John Innes 
Centre, says that the programme will try “to 
create a platform of research right across 
Europe that is seamless and that will give 





















rise to discoveries, trained people and infor- 
mation that will be particularly useful to 
European industry”. It is expected to cov 
research into plant development, wit 
phasis on hormones and related growth sub- =- 
stances, in addition to environmentally 
friendly agricultural research, research to 
improve the quality of harvested: products : 
and the use of beneficial microorganisms. -~ 

Despite positive news last year for the — 
agricultural biotechnology industry in the — 

United States, a patchwork of regulations __ 

still exists in Europe. The Council of — 

Ministers’ directive on the deliberate re- 

lease into the environment of genetically 
modified organisms, due to be adopted by 
member states in October 1991, has yetto 
be implemented by six of the 12 countries — 
of the European Communities. 
There is some progress expected on the = 
‘novel foods’ regulation, under discussion ~~ 
in the Council and in the European Parlia- 
ment. The regulation sets out a means of 
assessing the safety of all novel foods and 
food ingredients, including those produced 
from or containing genetically modified 
organisms. The BIA opposes the current 
proposal, believing that it would place —. 
European industry at a disadvantage by» 
going beyond international standards on` 
safety, efficacy and quality. 

Legislation is also under discussion in 
the EC for the labelling of foods pro- 
duced by genetic modification. Last 

May, the US Food and Drug Adminis- 
tration gave preliminary approval to 
eliminating pre-market review and la- 
belling of foods derived from biotech- 

nology except in circumstances where lev- 
els of a naturally occurring toxicant have 
been increased, when an allergen not usu- 
ally found in a plant has been introduced and 


where levels of important nutrients have... 


been changed (see Nature 387, 352; 1992). 
Diane Gershon / 


Magnetic fusion 
proceeds with 
no end in sight 
The inauguration of the Tokamak Fusion 
Test Reactor (TFTR) at Princeton Univer- 
sity on Christmas Eve 1982 was described 


by the world media as the dawn of the era of 
fusion energy. Almost exactly a decade later 


— and 35 years after Sir John Cockcroft said 


(mistakenly) that he was “99 per cent cer- 
tain” fusion had been demonstrated at Brit- 


ain’s Harwell laboratory — clean, commer- _ 
cially available energy remains a long-term 


dream. 
_ This year, for reasons both scientific and | 
political, fusion is again likely to make | 


headlines. On the experimental front, two < 


events stand out: the Joint European Torus = 
(JET) at Culham, England, is expected’ to. 
reopen in October after being closed. for 














perading, the same month that the TFTR 
ans to start its own experiments with tritium 
e basic fuel for a commercial fusion 
sactor. 
+ The main purpose of the JET modifica- 
ons is to study ways of reducing the impact 
; impurities caused by interaction between 
re burning plasma and the wall of the 
okamak. Such impurities seriously limit 
ie length of ignition; their effects are ex- 
pected to be reduced by the insertion of a 
‘pumped divertor, which traps the impurities 
by modifying the shape of the magnetic 
¿field at the plasma edge and allows them to 
; _be removed by a cryopump. 
When the divertor studies will be com- 
pleted by the end of 1994, JET will enter 
its final stage of full-power operation with 
~ deuterium—tritium plasma. Before that hap- 
-> pens, however, the spotlight will have been 
turned back to Princeton’s TFTR, where 
“scientists hope to study for the first time the 
heating effects of alpha particles on the 
plasma contained by the magnetic field in- 
side the tokamak. Equally important in po- 
litical terms is the fact that the tritium ex- 
~. periments will allow the TFTR to reach 
-power levels of 5-10 MW, surpassing the 
ue megawatts achieved in 1991 by JET 
using | 1-per-cent tritium injected into the 
deuterium plasma. 
i The experiments at JET and Princeton 
will provide results for what is most likely to 
“be the next major goal for the fusion com- 
munity, namely the construction of the $6- 
< billion International Thermonuclear Experi- 
mental Reactor (ITER). Progress on ITER 
“has been slow but steady. The formal agree- 













-< ment setting the framework for cooperation 


7 was signed last summer in Washington by 
the four international partners (the United 


States, the European Communities, the Rus- 


<- sian Federation and Japan). The next twelve 






. in Germany and Naka in Japan (see Nature 
o > 360, 615; 1992). 


F i Halfway measures 








umber of national initiatives have been put 


as posat from Princeton to build a new Tokamak 
. Plasma Experiment (TPX), a $500-million 
<> project which, if approved, would begin 
_. operation around 2003 (see Nature 356, 96; 
< ©4992). It would succeed the TFTR, which 

will be closed in 1994 because of the radio- 
< activity caused by the use of tritium in the 
forthcoming series of experiments. After 
winning the backing of the US Department 
of Energy under the Bush administration, its 
fate now lies in the hands of President-elect 
Bill Clinton and his vice-president, Al Gore. 
Across the Pacific, more discreet lobby- 
ing efforts are under way to persuade the 
Japanese O ER to follow up the 




















months should see a continuation of the 
design engineering work and the building «i 
up of research teams at the three design 

centres at San Diego in California, Garching — 


Banking on possible delays to ITER, a 


vard as intermediate steps. In the United 


successful operation of its own fusion ma- 
chine, JT-60, with a new steady-state 
tokamak. It is also seen as a stepping-stone 
to ITER. In Europe, as the main political 
focus shifts from JET to ITER, pressure is 
also likely to mount for funding for an 
alternative advanced machine, namely a 
stellarator, which physicists would like to 
build at the Institute for Plasma Physics in 
Garching. 

Newspaper headlines in Europe, how- 
ever, are likely to concentrate on a more 
pressing question, namely how to handle 
the consequences for scientists of the even- 
tual closing of JET. The issue is of particular 
concern to British staff who, unlike 
colleagues from other European states, 
work under contract to the British AEA 
Technology, rather than to Euratom. 


Networks enhance use of computers 


Scientists can be expected to continue 
finding new ways to take advantage of 
improvements in the scope and speed of 
high- -performance computers. As comput- 
ing power becomes more crucial to national 
and regional economic security, two areas 


attracting the most attention are massively 


parallel processing, in which thousands 
of individual processors perform millions 
of tasks simultaneously rather than 
sequentially, and the linking of high- 
performance computers to networks. 

The European Communities (EC) are 
being urged to begin a decade-long 


high-performance computing research pro- 


gramme using public and private funds 


amounting to ECU billion (US$1.25 bil- 
lion) a year. Part of the sales pitch, outlined 
-ìn an October report by a European Com- 
_ mission panel led by CERN’s Carlo Rubbia, 


is that there exists a “unique window of 


- opportunity” for Europe to invent new hard- 
ware and software applications for the 


latest breed of massively parallel high-speed 
computers. The current research and devel- 
opment programmes, ESPRIT and RACE, 


have pushed the technology ahead and 


produced startup companies, but the report 
laments that larger companies from 
outside Europe often are quicker to exploit 
the markets created by new technologies (as 
Fujitsu Ltd hopes to do in acquiring the 
British computer maker ICL). 

The name that Japan has given to its 
high-performance computing initiative 
— the Real World Computing project — 
reflects an emphasis on applications- 
orientated research, as well as a step back 
from the lofty goals of its less-than- 
successful predecessor, the now cancelled 
Fifth Generation project on artificial intelli- 
gence. Meanwhile, Fujitsu will attempt 
to move ahead of the pack with what prom- 
ises to be the fastest supercomputer yet. 

In the United States, which leads the 
world in massively parallel processing and 


A report commissioned by the Commis- 
sion at the prompting of the European Par- 
liament has recommended that British sci- 
entists be given the same contractual status 
as their European colleagues (see Nature 
357, 270. 1992). But this will cost money, 
and implies a long-term commitment that 
the British government has so far not been 
willing to make. 

The JET council meets in March to dis- 
cuss its next move. Without a shift in Brit- 
ain’s position, the council is unlikely to be 
in a position to recommend a solution to the 
dispute. Union representatives are already 
warning that such an outcome could lead to 
a renewal of last summer’s strikes. This 
looming dispute suggests that fusion may 
generate some heat this year, even if not the 
type originally intended. David Dickson 





semiconductor research, the new Clinton 
administration is preparing to launch the 
second phase of a High-Performance Com- 
puting and Communications project to pro- 
vide new supercomputer applications for 
health care, education and manufacturing. 
A key component on the project, launched 
in 1991, is the five-year effort to create 
a National Research and Educational 
Network using optical fibre cables to con- 
nect universities, major research centres, 
industry and possibly even homes. 
Towards that end, the US Department of 
Energy and American Telephone and Tel- 
egraph Co. are improving the speed of such 
a network. One test scheduled for this sum- 
mer will involve researchers using two Cray 
supercomputers to link 30 computers capa- 
ble of transmitting | billion bits of informa- 
tion. That would be equal to sending 100 
novels every second. The speed of the US 
Internet databank system will also be 
improved in 1993, from 1.5 million bits 
per second to a consistent 45 million. bits 
per second, with laboratory tests in the 





mid-100 million to one-gigabit range. 


Greater efficiency 
Research into the field of high-performance 
computing will continue to focus on making 
supercomputers faster, but an equal chal- 
lenge will be to make them work more 
efficiently. A central goal is rapid transmit- 
tal of massive amounts of data inthe form.of 
moving video. The supercomputers seem 
up to the task, but technical problems inhibit 
networks from carrying such vast amounts 
of data. Optical fibre network: swi chess 
far are unable to detect and correct t i 
sion errors at such high speed 
logjams also plague the networ 
States, as telephone companie: 
ment permission to charge ratet suf 
cient to cover the costs of transmitting large 
volumes of high-speed data. - 
In the realm of parallel processing, 















for other such eagerly awaited efforts as 








computer engineers must also grapple with 
the problem of standardizing computer soft- 
ware in a way that manufacturers and busi- 
nesses find appealing. One leading option is 
“high-performance Fortran”, which adapts 
one of the oldest and most widely used 
computer languages to massively parallel 
. Supercomputers. 

Another avenue is to combine the best 
_. features of parallel and traditional vector 
- supercomputing, which use a much more 
efficient linear method of calculation. By 
September, Fujitsu plans to start selling a 
supercomputer capable of performing at 355 
billion operating instructions per second, or 
gigaflops, that will use a combination of the 
two technologies and do in a minute what 
would take 10 days on a typical desktop 
workstation. Fujitsu claims the machine will 
be able to use existing software, while also 
having the performance advantages of par- 
allel processing. Cray also plans to roll out 
a hybrid system that would allow users to 


attach parallel processing features to their 


current supercomputers. And in June, Oak 


Ridge National Laboratory in Tennessee 
will begin using an Intel Paragon 


supercomputer that will operate at a peak of 
150 gigaflops. 

Further down the line, the Japanese 
project combines research on massively 
parallel machines with optical computing, 
using beams of light rather that electronic 
impulses to transmit data. The Japanese 
have urged researchers from around 
the world to join the project. Although 
cost-sharing might sound appealing at 
a time when EC scientists struggle with 
the uncertainties of a divided Europe and 
US scientists are weaning themselves 
from a shrinking defence department re- 
search budget, so far few companies have 
taken Japan up on the offer — another 
indication of the intense competition in 
the field. 

Michael Milts 


Hubble repairs to top active year in space 


The US National Aeronautics and Space 
Administration (NASA) hopes that 1993 
will bring an end to its biggest public rela- 
tions headache of recent years as space pro- 
grammes around the world prepare for 12 
months of down-to-earth politicking as 
well as extraterrestial exploration. 

In December a seven-member crew, 
including European astronaut Claude 
Nicollier, will attempt to rehabilitate the 
Hubble Space Telescope. In a series of 
complex space walks, the astronauts will 
instail a set of corrective devices to com- 
pensate for flawed optics in the $1.5 bil- 
lion orbiting telescope, launched in 1990, 
Even with the defect, scientists have been 
able to carry out a range of research 
projects, including searching for evidence 
‘of black holes in distant galaxies. How- 
ever, the repair mission ts a prerequisite | 


measuring the rate of eh pannon sad the- o] 
Universe, z uiy 
f In April the same a 
- -deavour, will pal to retri eve hts 
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| $.expec dto n eu the red 
planet. Meanwhile, the space agency's 
Magellan probe of Venus is expected to 
cease operations in May. 

As usual, most new scientific and sci- 


< ence-related spacecraft in 1993 will be 


launched on unmanned expendable rockets. 


(more exciting 


Geologists, oceanographers and others who 
use remote-sensing spacecraft to monitor 
events on the Earth’s surface will benefit 
from two new satellites. In September, 
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France will launek its S SPOT-3 remote-sens- 


ing ‘spacecraft, replacing the ageing SPOT- 
2 satellite, and next month the US govern- 
ment had planned to launch its Landsat 6 


remote-sensing spacecraft to replace its 


Landsat 4 and Landsat 5 spacecraft, which 
have exceeded their scheduled lifetimes. 
But a defect in the spacecraft’s solar panels 
is expected to cause an indefinite delay. 
Other significant scientific payloads in- 
clude the launch in August of NASA's Sea 


Wide- Field Sensor spacecraft to moni 
chlorophyll levels and improve understa 
ing of the global carbon cycle; the lau 
this month of Brazil ’s first homemade sate 
lite, to relay environmental data, and next — o 
month's launch of Astro-D, Japan’s X-ray 
satellite. The US Defense Department also 
plans to orbit a scientific spacecraft, known 
as Alexis, carrying both X-ray telescopes 
and an experiment to monitor interference 
with radio transmissions. 

Several spacecraft will explore solar phys- 
ics. NASA’s Wind spacecraft, due to be 
launched next December, will work in con- 
cert with Japan’s Geotail spacecraft launched 
in 1991, The Russian space agency's princi- 
pal scientific launch this year will be a pair 
of spacecraft to monitor interactions be- 
tween the solar wind and the Earth’s 
magnetosphere. 

Russia also has plans for three manned “> 
flights to dock with the Mir space station, 
including a flight in July featuring a three- 
week visit by a French cosmonaut. In 
November, a Russian cosmonaut is sched- 
uled to fly on a US space shuttle mission, 
setting the stage for a visit in 1994 by a US 
astronaut aboard Mir. 

However, despite all the aug on 
launch pads and control rooms around he 
globe, the most far-reaching developments 
affecting space may occur in legislative 
chambers and government offices. In the 
Commonwealth of Independent States, offi- 
cials are trying to continue a vibrant space 
effort in the midst of continuing economic 
and political turmoil. Compounding the 
problem is squabbling among the three re- 
publics with the greatest interest in space: 
Russia, which builds most spacecraft 
and rockets; Kazakhstan, whichis the launch 
and landing site for most missions: 
and Ukraine, which is home to some 
manufacturing and telemetry facilitiesi3. 
Simultaneously, the member countries of 
the European Space Agency are attempting... 
to forge closer relations with the massive 
post- -Soviet space apparatus in an era 
of tight budgets on both sides. 

In the United States, the Clinton—Gore 
administration and a substantially new Con- 
gress are expected to rekindle longstanding 
political battles relating to space. For exam- 
ple, as a US senator, Vice President-elect Al 
Gore badgered reluctant Pentagon officials 
into approving access for environmental 
researchers to previously secret measure- 
ments made by US spy satellites. As chair- 
man of the National Space Council, Gore 
may be able to make the military respond 
more quickly. 

And in the US Congress, the planned 
space station Freedom is likely to be the 
most contentious issue in space policy. Dur- 
ing the presidential campaign, Clinton and 
Gore voiced support for Freedom. But itis _ 
far from clear that Congress, faced with stiff 
competition for a tight budget, will hold t 
past agreements to build the $37-billion” 
orbiting platform. Vincent Kiernan 
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This year’s commemorative cornucopia includes sunspots, the cotton gin and some stimulating acronyms. And a 


new award, ‘the year of the anniversary’, is introduced. 


IN earlier announcements in these pages, 
we have introduced ‘the anniversary of 
the year’, a concept as useful as it is 
obvious. This year we declare a more 
sophisticated concept, ‘the year of the 
anniversary’. Like most conceptual 
breakthroughs in science, it rests on 
observation and compromise. The 
observation: in one and the same year, 
Nicolas Copernicus and Andreas Vesa- 
lius published books that were to trans- 
form astronomy and anatomy, respec- 
tively. The compromise: take the year of 
these revolutionary publications, 1543, 
as the unit of celebration, the ‘year of 
the anniversary’. We may add in support 
of our choice that 1543 also saw the 
publication of Petrus Ramus’s attack on 
Aristotle, Animadversiones aristotelicae; 
the arrival of the Portuguese in Japan; 
and the establishment of the first mod- 
ern bureaucratic pile of papers, the 
Spanish state archives in Samancas. To 
some it may be a further recommenda- 
tion that 1543 is a prime number. 

As before, we exhibit our candidates 
for anniversarial attention in anti- 
chronological order, beginning at the 
first centennial and ending at the fifth; 
after which we make a few abbreviated 
suggestions taken from the declining 
twentieth century. Again we use 1.0¢ to 
indicate a centennial, 1.5¢€ a sesqui- 
centennial, and so on. 


1893 (1.0 centenary) 

Thermodynamicists will want to mark 
this year. In 1893 Josef Stefan, who 
deduced from experiments on glowing 





wires that the radiant energy emitted 
from a hot body is proportional to the 
fourth power of its absolute tempera- 
ture, and John Tyndall, who made the 
experiments, both died, independently. 
Their work was carried forward by 
Wilhelm Wien who, also in 1893, 
showed that the most intense frequency 
in the radiation is proportional to the 
temperature. Wien recognized that his 
‘displacement law’, as the relationship 
between frequency and temperature 
was called, referred strictly only to a 
black body, to which, in 1884, Ludwig 
Boltzmann had restricted Stefan’s law. 
Further to the defeat of heat, James 
Dewar (died 1923, 0.7¢) invented the 
Dewar flask, a vacuum-jacketed bottle 
for preserving cold bodies at low 
temperatures. 

Anyone wanting to celebrate that ex 
nihilo nihil fit may wrongly seize on the 
experience of Henri Moisson, who 
announced 100 years ago that he had 
succeeded in making diamonds from 
charcoal. It appears, however, that his 
electrical oven could not achieve the 
temperature and pressure required to 
make gems from soot. Perhaps more 
electricity, which was no longer too 
cheap to meter (in 1893 Frederick 
Weston invented a gauge for measuring 
consumption of electrical energy), would 
have helped. Still, Moisson obtained 
something more valuable than diamonds 
from his oven: it is mentioned together 
with his experiments on fluorine, which 
he was the first to isolate and, in 
collaboration with Dewar, the first to 


solidify (in 1903, 0.9¢), in the motivation 
for his Nobel prize in chemistry awarded 
in 1906. 

Three growth industries began in 
1893. The first four-function calculator, 
the aptly-named ‘millionaire’, first went 
on the market; the first issue of the 
Physical Review appeared; and Robert 
Diesel described his engine. The growth 
of the computer and automobile indus- 
tries, and of scientific publishing, may be 
inadequately indicated by the enlarge- 
ment of the Physical Review by a factor 
of 400, from 120,000 words in 1893 to 
around 48,000,000 last year. 

At the Columbian Exposition held in 
Chicago in 1893, which missed the com- 
memoration of Columbus’s landing in 
the New World by only | part in 400, the 
Krupp industries exhibited a gun whose 
1,000-kilogram shell could pierce a 
metre of armour at a distance of one 
kilometre. The world no doubt rejoiced 
to know that the gun was intended not 
for sale, but for advertisement; which 
could be done the more easily and effec- 
tively since that very year, 1893, C. V. 
Boys invented a way to photograph artil- 
lery shells in flight. When Krupp’s kilo- 
gram shell landed it made an impression 
locally indistinguishable from any of the 
three classes of earthquakes then intro- 
duced into science by Rudolf Hoernes, 
who thereby reduced by 25 per cent the 
four categories proposed by John Milne 
in 1883 (1.1¢). Hoernes’s three: accom- 
paniments of volcanic eruptions, col- 
lapses of void spaces within the Earth, 
and slips along fault lines. Residents of 


Histology of the cerebral cortex, an optical salience: the barometer and the foundations of anatomy represented by pees to ei: Camillo 
Golgi, Claude Chappe, Evangelista Torricelli and Andreas Vesalius. 
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northern California, and seismologists 
everywhere, were given something to 
think about when Andrew Lawson, a 
Scottish geologist who settled in Ber- 
keley, described the San Andreas Fault. 

In 1893, Jean-Martin Charcot, after 
two decades’ work on hypnotism, died. 
His critics thought he must have been 
half asleep to have taken up the subject 
in the first place, but some of Charcot’s 
therapeutic methods were already being 
transformed by Sigmund Freud and 
Josef Breuer. Their paper of that year, 
on the psychic mechanisms in hysteria, 
was the first salvo of a brief partner- 
ship that launched Freud on his road 
to the unconscious and left Breuer 
wondering why his collaborator thought 
sO many psychiatric deviations were 
rooted in sex. 

Meanwhile, Karl Pearson took up 
other kinds of deviation. His lectures in 
late 1892 and early 1893 on the ‘laws of 
chance’ used the familiar (card drawing, 
coin tossing) to illustrate the recondite. 
Scientists more than punters latched on 
to his methods of calculating standard 
deviation, introduced in the lecture of 31 
January 1893 to replace older formula- 
tions based on fuzzier concepts. 


1843 (1.5 centenary) 


In February 1843 a comet could be seen 
around lunchtime, close to the Sun. This 
compelling appearance was but one of 
several reasons to celebrate a sesqui- 
centennial of the Sun this year. In 1843, 
John William Draper, a chemist turned 
photographer, took the first solar 
portrait in the infrared. Heinrich 
Schwabe, a druggist turned astronomer, 
announced the ten-year sunspot cycle — 
news that went against received opinion, 
which held that the spots came and went 
capriciously. Some fifty years later 
(1.0¢), Edward Walter Maunder worked 
out from recorded spots that the Sun’s 
complexion was relatively clear between 
1645 and 1715 (the ‘Maunder mini- 
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c technique — Jean-Martin Charcot demonstrating at la Salpetriere. 


mum’), and so confirmed the concept of 
a ‘little ice age’. 

Communication might also qualify for 
commemoration. This year 150 years ago 
Siegfried Becker of Vienna prepared the 
world’s first bottle chart, on which he 
inscribed the itineraries of 119 bottles 
tossed here and there into the ocean; the 
longest journey, of 17,000 kilometres, 
took 33 months. He did much better 
than last year’s anniversarian of the 
year, Christopher Columbus, whose bot- 
tle containing a copy of his report of his 
discovery of the Indies, thrown over- 
board off the Azores in 1493 (5.0¢), has 
not, to our knowledge, been recovered. 
Recently, current plotters obtained a 
possible substitute for bottles when a 
storm attacked a ship carrying 40,000 
Niké gym shoes across the Pacific. All 
went overboard. The belief that not a 
sole had survived was shattered by an 
armada of Nikés arriving on the coast of 
Oregon later in the year. Look for more 
in Hawaii and Japan this year. 

Further to communication, Alexander 
Bain (died 1903, 0.9¢) prematurely in- 
vented a telegraphic fax machine: Wil- 
liam F. Cooke introduced the first signal 
blocks, on the Eastern County Railroad; 
and Isambard Kingdom Brunel built the 
first tunnel under the Thames. Charles 
Wheatstone’s famous bridge, though of 
the correct date, does not belong among 
the year’s contributions to communica- 
tion. It is a useful technique for measur- 
ing relative electrical resistance. In both 
its usefulness and relativeness it con- 
trasted with the absolute method of 
electromagnetic measurement then being 
introduced into physics by Wilhelm 
Eduard Weber. 

If more material for sesquicentennials 
is needed, in 1843 Marc Antoine Augus- 
tin Gaudin invented the alloy of 
platinum—iridium that, in a slightly dif- 
ferent proportion from his, later served 
as the material of the standard meter; 
Carl Gustav Mosander isolated the rare- 
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earths erbium and terbium; William 
Rowan Hamilton invented non- 
cumulative algebra; and Gustave-Gasparf. 
Coriolis, whose fictitious force makes 
hurricanes, and Charles Mackintosh, 
whose raincoats do not protect against 
them, died. 

Births could have been safer in 
1843 had doctors heeded Oliver Wendell 
Holmes’s little essay on the contagious- 
ness of puerperal fever. Not many of 
them did. Among those who survived 
the rigours of birth were Sidney Irvine 
Smith, who dredged crustaceans off the 
New England coast, and David Gill, who 
mapped the stars from Cape Town; 
Camillo Golgi, who studied the histology 
of the cerebral cortex, and David Fer- 
rier, who was more interested in its 
functions; and Robert Koch, who needs 
no introduction. 


1793 (2.0 centenary) 

Further to communication (see under 
1843), in 1793 Claude Chappe interested 
the National Convention of the brand- 
new French Republic in his optical tel- 
escope. His first installation, of 1790-91, 
had been torn down by a Parisian mob 
indifferent to science on the suspicion 
that Chappe was signalling to the royalist 
enemies of the revolution. With the 
backing of the Convention, he set up 20 
stations between Paris and Lille. Skill 
and patience were required: the sending 
of a single sign over the entire distance 
took six minutes. It would have taken 
hours to announce and explain what may 
be the most famous decision of the 
Convention regarding science: its order, 
in August 1793, to close the world’s 
leading scientific organization, the Paris 
Academy of Sciences, as a feudal relic 
unnecessary in a revolutionary society. 

The Paris Academy had compromised ~ 
itself by, among other things, its arro- 
gant dismissal of inventions submitted to 
it for its approval. Would it have recog- 
nized in the year of its demise the merits 
of the first important invention made in 
the new United States, Eli Whitney's 
cotton gin? The United States did, and 
rescued Whitney from bankruptcy in a 
way still practised by government — 
with a contract for firearms. 

While the American § arms-maker 
Whitney was ginning cotton, the Protes- 
tant pastor Christian Sprengel was 
admiring geraniums. Believing that the 
hairs on the petals of Geranium sylvati- 
cum have some purpose, he devoted 
years to scrutinizing the pollination of 
flowers by insects. His The Discovered 
Secrets of Nature in the Construction and 
Fertilization of the Flower came out in 
1793, complete with a thousand engrav- 
ings from his own drawings and the 
conclusion that the dichogamy he 
observed so frequently showed that God 
did not intend that plants commit incest. 
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Charles Darwin was later to learn Ger- 
man to read books like Sprengel’s and to 
reach different conclusions. 


- 1743 (2.5 centenary) 

No European city of the eighteenth cen- 
tury was fully respectable without a 
learned academy. In 1743 Philadelphia 
fleetingly enjoyed this respectability in 
the form of the American Philosophical 
Society, promoted by Benjamin Franklin 
(anniversarian of the year for 1990). The 
British colonies had not yet attained the 
degree of civilization needed for science 
and the society failed for want of men, 
money and interest. It obtained a perma- 
nent lease on life 25 years (0. after 
its putative founding, when what re- 
mained of it joined with a struggling 
society of letters in 1768. Another omen 
of the improvement of science in Amer- 
ica dating from 1743 was the birth of 
Thomas Jefferson. 

While philosophy was aborting in 
America, it was flourishing in France. 
Two hundred and fifty years ago this 
year, Jean le Rond d'Alembert, a found- 
ling raised on mathematics, published his 
Traité de dynamique, which contains the 
first foundation of what physicists call 
d’Alembert’s principle for reducing 
dynamics to statics. D’Alembert died in 
1783 (2.1¢), having outlived his great 
rival Alexis Claude Clairaut (born 1713, 
2.8¢), whose father, a mathematics 
teacher, did his part for multiplication by 
siring 20 children. Clairaut helped new- 
tonianize the Paris Academy of Sciences 
and also the Marquise du Chatelet, the 
translator of Newton’s Principia, and in 
1743 he brought out his own important 
development of Newton’s ideas, the 
Théorie de la figure de la terre. In it, 
Clairaut demonstrated the shape of the 
» Earth from hydrostatic principles, de- 
veloping along the way the mathematics 
of what would later be called the poten- 
tial; and also an approach to capillarity 
that later inspired Laplace to create his 
celebrated theory of the rise of liquids in 
narrow tubes. Laplace survived, even 
thrived, during the revolution, but two 
savants born in 1743 did not: Antoine- 
Laurent Lavoisier and the Marquis de 
Condorcet, whose violent deaths in 1794 
allow an unusual accelerated anniversary 
observation. Their births can be cele- 
brated this year, their deaths commemo- 
rated next year. The Royal Society has 
already noted that its longest-serving 
president, Joseph Banks, was also of the 
class of °43. 


1693 (3.0 centenary) 


To the ranks of newtonian fellow 
travellers deserving recognition this year 
should be added John Wallis (died 1703, 
2.9¢), the second volume of whose 
Opera mathematica, published in 1693, 
contains the first complete statement in 
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A view of Moordaener’s Bay, New Zealand: engraving by I. Gilsemans from Tasman’s journal. 


print of Newton’s method of fluxions. 
Wallis acted from fear that foreigners 
otherwise would claim the glory of the 
mathematical discoveries of the “greatest 
man who ever lived’, Isaac Newton, 
who, at this very moment, in 1693, was 
sunk in the blackest depression. Perhaps 
Newton's reading and working in 
alchemy, which had occupied much of 
his time since completing the Principia, 
deepened his despondency; for try as he 
might, he could not make his alchemical 
knowledge make sense. By the end of 
the year he had recovered himself and 
abandoned the art; believers in the pow- 
er of rationality might therefore schedule 
a major celebration this year. 

While Newton was breaking down, 
Edmund Halley was cutting up. The man 
who had prompted Newton to write out 
the Principia had hit on a simple way to 
compute the relative areas of land and 
water on Earth. Taking the gores from a 
good terrestrial globe, he cut out the 
continents and larger islands and 
weighed the scraps. Halley was also 
curious about his own mortality, con- 
structing in 1693 the first life table, with 
“its Moral, its Physical and Political 
Uses”. Based on data from Breslau, it 
showed him that, were he prepared to 
cross the English Channel as a 36-year- 
old, he could expect to live another 24 
years. He stayed in London and made it 
another half-century (died 1743, 2.5¢ on 
the old calendar). 


1643 (3.5 centenary) 


An important contribution to the map- 
ping on which Halley relied had been 
made 50 years earlier by Abel Jansen 
Tasman, the average date of whose 
voyage across 5,000 miles of uncharted 
South Pacific we take as 1643. He set sail 
from Batavia in August 1642 on commis- 
sion from the Dutch East India Corpora- 


tion. He discovered the Friendly Islands 
in January 1643, having first found New 
Zealand (where the natives were not 
friendly) and Van Dieman’s land (now 
Tasmania), and before stumbling over 
the Fiji and Tonga islands. He circum- 
navigated Australia without observing it, 
thus disproving the notion, derived by 
European knowledge of its west coast, 
that it joined the huge suppositious 
southern continent of terra incognita, 
and showing that it is possible to discov- 
er much without seeing anything. Tas- 
man’s employers judged his trip worth- 
less since, as their evaluation put it, “he 
had found no treasures or matter of 
great profit”. He had no worthy succes- 
sor until the voyages of Captain Cook in 
1773 (2.2¢). 

The year 1643 was prolific in informa- 
tion about what is not there. About the 
time that Tasman showed explorers the 
disconnection between Australia and 
Antarctica, Evangelista Torricelli, a 
student of Galileo's student Benedetto 
Castelli (died 1643, 3.5¢), may have had 
the idea of the barometer and the theory 
of the void space above the mercury. 
But just as the force of the vacuum and 
the Horror vacui fell as a result of 
Torricelli’s invention and explanations, 
so has the date 1643 for their creation 
succumbed to the labours of historians. 
Anyone wishing to celebrate the tradi- 
tional date is welcome to do so, and 
would have the additional opportunity of 
commemorating Gasparo Berti (died 
1643), whose demonstration of a water 
barometer inspired Torricelli’s work; but 
the informed anniversalist will wait until 
next year. 


1593 (4.0 centenary) 

Shakespearians may wish to rejoice at 
the end of the Bard’s apprenticeship and 
the beginning of his creative maturity; 
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and anglers may be cognizant of the 
birth of Izaak Walton; but we predict 
that there will not be many quad- 
ricentennial celebrations of science this 
year. 


1543 (4.5 centenary) 

Nicolas Copernicus was on his deathbed 
when he received the first copy of his 
exposition of the heliocentric system, the 
revolutionary De revolutionibus corpor- 
um coelestium. That was just as well. His 
editor, Andreas Osiander, had added a 
preface to the text without bothering to 
identify its author and without telling 
Copernicus. This bit of pseudepigraphy 
or reverse plagiarism made Copernicus 
appear an instrumentalist and even a 
positivist. Osiander’s preface exhorts the 
reader to consider heliocentric astron- 
omy as a jeu d'ésprit, a hypothesis, a 
mathematical artifice, and warns that 
unless he, the reader, understands the 
truth that in astronomy there is no truth, 
he “will leave this subject a greater fool 
than when he entered it”. 

Speaking of fools, Peter Ramus made 
out, also in 1543, that Aristotle’s logic 
was silly. He also said an unkind word 
about Aristotle’s physics. The attacks 
earned him some unphilosophical re- 
sponses from fellow philosophers and an 
edict from the King of France prohibit- 
ing him from teaching or writing philoso- 
phy. In fact, Ramus attacked not the 
long-dead Aristotle, for whom he pro- 
fessed the deepest respect, but the rela- 
tively more alive modern aristotelians, 
his opponents in the schools. After 
four years of silence, Ramus resumed 
the attack when the ban on his philoso- 
phizing was lifted in 1547. 

By that date, Andreas Vesalius had 
forsaken the theatres of academe for the 
antechambers of the court of Charles V. 
The gluttonous Emperor gave him 
plenty of experience in treating bowel 
disorders, but nothing Vesalius did after 
1543 came close to the verbal and visual 
brilliance of his De humani corporis 
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to a ban on his philosophizing. 
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Peter Ramus delivering his thesis against Aristotle, which led 
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fabrica, which gave anatomy its 
compass. He was 29 when it was 
published, reminding us that 
anatomists as well as mathemati- 
clans may peak early. According 
to Halley’s life tables, Vesalius’s 
death in 1564 on the way back 
to Spain from the Holy Land 
was a decade premature: a 
warning either against taking 
pilgrimages or, perhaps, against 
leaving academic life for more 
lucrative employment. 


1493 (5.0 centenary) 


It would be churlish to leave 
last year’s anniversarian of the 
year high on the Ocean Sea. 
Those who want to prolong the 
columbian quincentennial can 
observe his return to Spain; the 
publication of his discovery; the 
sailing of his second expedition, 
bent on colonization and 
evangelization; and the division 
of the spoils of exploration 
between Spain and Portugal by 
the Pope. 


1943 (0.5 centenary) 


A transposition of figures re- 
turns us to living memory and 
the age of abbreviations and 
acronyms, without which modern science 
is inconceivable. According to the OED 


(we should rejoice that it was not 
called the Dictionary of Oxford 
English, DOE), the word acronym 


entered our language in 1943, together 
with one of the most popular acronymic 
inventions. 

Jacques-Yves Cousteau, then in the 
French underground movement, wanted 
to spend more time under water. Accor- 
dingly, with the engineer Emile Gagnan, 
he developed the aqualung, which 


allowed him freedom of the water with- 
out diving suits and long tubes. Among 
Cousteau’s 
self-contained 


inventing 
breathing 


predecessors in 
underwater 
apparatus were Leo- 
nardo da Vinci and 
Stephen Hales. Cous- 
teau’s scuba gear was 
more practical than 
theirs. It has proved to 
be equally convenient 
for marine biologists, 
underwater archaeolo- 
gists, treasure hunters 
and sun seekers. After 
the war, Cousteau 
founded a marine re- 
search group in the 
French navy before 
becoming one of the 
Mm most effective of scien- 


Mary Evans 





m tific and ecological 
communicators. 
Abbreviations are 





Christopher 
Barcelona on returning from his first voyage. 


Columbus's triumphal entry into 


more common than acronyms. Two en- 
tered currency and consciousness in 
1943. Adrenocorticotrophic hormone 
was already known, but ACTH was 


finally obtained pure from sheep 
pituitaries by Choh Haoh Li (born 1903, 
0.8¢). working in Herbert Evans’s 


laboratory in Berkeley. Three years earl- 
ier, he had isolated luteinizing hormone 
(LH), adding another abbreviation to 
endocrinology, a science especially rich 
in them. 

On 16 April 1943, the Swiss chemist 
Albert Hofmann had to leave his labora- 
tory early, after accidently absorbing 
some of the chemical he was working 
with. He published a description of the 
extraordinary mental symptoms and hal- 
lucinations he experienced and express- 
ed the hope that the drug, lysergic acid 
diethylamide, might have some use in 
the investigation and, possibly, treat- 
ment of mental disorders. It certainly 
generated an enormous literature — sci- 
entific, social and legal — though its 
early promise never materialized. As a 
cultural phenomenon, LSD might better 
appear under 1968, were we inclined to 
notice anything so recent in this year’s 
anniversarial harvest. m 


W. F. Bynum is at The Wellcome Institute 
for the History of Medicine, 183 Euston 
Road, London NW1 2BE, UK; J. L. Heilbron 
is vice-chancellor of the University of 
California at Berkeley, Berkeley, 200 
California Hall, California 94720, USA. 
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New Options In PCR es Fron 


No matter what your 
application is, no matter 
how much PCR enzyme 


your laboratory requires, 





Perkin-Elmer can meet 





New AmpliTaq” DNA \mpli Taq” DNA Polymerase. 
your needs. Now available u hen . 
Polymerase, LD is ideal Stoffel Fragment meets special 
for low copy number amplifications PCR needs such as amplification 
in a selection of formulations 
of bacterial targets. A proprietary of G+C rich templates and multiplex 
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the most options for enhanced 


PCR performance, increased 


savings and greater conve- 


nience. All backed by our 
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AmpliTaq” DNA Polymerase 

for DNA Sequencing is spe- 
cially formulated for DNA sequencing. 
It can be purchased separately or 
as a component of the AmpliTaq* 
Cycle Sequencing Kit for direct 
sequencing of PCR products and 
double-stranded DNA or the 
AmpliTaq® Sequencing Kit for 


sequencing single-stranded DNA. 





New savings for Ampli Taq 


DNA Polymerase, the most 


s£ 


published PCR enzyme and the 


enzyme of choice for most applica- 
tions, including emerging techniques 
such as in situ PCR. Special quantity 
multipacks, containing 1000-unit 
and 250-unit vials, offer significant 
savings compared to the single 


250-unit vial. 
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save even more on AmpliTaq DNA 
Polymerase by specifying ambient 
shipping and lowering delivery charges. 
It represents an environmentally 
sound option. 
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The Sequencer 
That Can Size, 


Now there’s one versatile system that supports the diverse electrophore 
needs of genetics researchers. The 373 DNA Sequencer from Applied 
Biosystems. No other sequencer lets you size and quantitate—as well as 
sequence. We've enhanced the electrophoresis chamber to support 
more applications. j 

You can easily adjust gel length to optimize resolution and run time 
increasing experiment speed and flexibility. Double-stranded fragment 
up to 3 kb and single-stranded fragments up to 600 nucleotides can be 
precisely sized. If you're analyzing genetic markers, our unique four-dye 
one-lane technology improves throughput and accuracy because you cz 
run many samples and a size standard in one lane. 


(Juantitate, 


Quantitation of PCR products is critical to a variety of applications such 
as gene expression. The 373 makes it fast, easy, and accurate. With our 
new short gel you can quantify DNA fragment amount in just one hour. 
Measurements are taken directly from the gel, eliminating the delays, 
tedium, and safety problems associated with autoradiography. And our 
technology has the sensitivity to quantitate dye-labeled PCR products _ 
from a single target molecule. 


And Of Course 
Sequence, 


The proven four-dye, one-lane technology underlying the 373’s versa- 
tility has also made it the most widely used automated DNA sequencer. 
With our full range of chemistries, you can sequence even the most 
difficult template. Because the 373 can now do so much more than 
sequence, it offers extraordinary value in your laboratory every day. To 
receive the new 373 Information Package, phone Applied Biosystems 
at: Australia (03) 808-7777, Benelux (()) 3465-74868, France _ 
(1) 48 63 24 44, Germany (0) 6150/101-0, Italy (02) 8912 6011 
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| Knees are intricate heavy-duty joints that are now, like many other parts of the body, partially replaceable. A knee 
surgeons’ handbook now published shows what lies ahead. 





Tuat people who suffer surgery develop an 
awesome respect for their surgeons is well 


known. The psychoanalysts have a word for 
it: the transference. What follows is an act- 


ing out (another analysts’ concept) of such 
a transference, which takes what may be 
considered the unusual form of a book re- 
view. The book, a substantial tome by any 


standards, with more than 800 pages, is- 


called Knee Surgery (Dunitz, London; 


£145.00). The editors of a symposium vol- 
ume are Paul M. Aichroth from the West- 


minster Hospital, London, and W. Dilworth 
Cannon Jr, from the University of Califor- 
nia, San Francisco. The circumstances of the 
transference are these. 

Just under 20 years ago, the fi rst of the 


editors removed a cartilage (otherwise a. 
- neering at Imperial College, also in London. 

<The trick is to replace the load-bearing sur- 
aces in- the knee joint with inert materials 


meniscus) from my right knee in an old 
“fashioned operation, from which i 
‘several months to recover. Wher 
summer of 1991, I twisted the sa 
and sensed the same old Pant I t 


















tomorrow or à week tomorrow?” oy 


testament t to the efficacy of atheros . 
the technique for. operating withi 
through three. small holes, one- 








: tinely hitched’ up toa video recone p. 








-for open surgery”. In the event, I remember 
-spending a day sleeping off the anaesthetic 
S i watching the abortive coup against 
rbachev. before walking out to catch a 
axi to the office. 
giit was natural to expect as pleasurable 
“an outcome when I banged the same knee 
-against a piece of furniture last October. The 
` X-rays showed a crack near the inner rim of 
the kneecap, but this time there was no 
-atheroscopy, only pain-killers, physi- 
_otherapy, instructions on how to walk (not 
hop) on crutches, CNN’s version of the US 
_election campaign and then the same non- 
chalant taxi ride to the office. But then I 
twisted the knee. Nobody knows why the 
muscles of that leg went into tremor, but | 
_was carted off by ambulance for the second 
time and told that I had better turn the 
hospital room into an office. (We never 
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equipment and the operation itself were 
developed in Japan in the early 1960s. y 
Editor Cannon says that the operation is. 
“now the most common of all in North 
“America, and that “few techniques are left 


| hooked up the modem, though.) 


This is how the transference happens. 


One is told in plain language what is going 


to happen tọ one, in this case for at least the 
week ahead, and one’s astonishment at one’s 
willingness to accept the prescription with- 


out protest, proof though it may be of one’s. 


pathetic eagerness to be cured, is best ration- 
alized by supposing that the instructions 


come froma supremely confident being. At 


one stage during that long week, Aichroth 


casually let slip that “We're doing total knee 


replacements now” 

Indeed they are. Michael A. R. Freeman 
from the London Hospital gives an account 
of 2] years of experience with an artificial 
knee originally developed in collaboration 
with the Department of Mechanical Engi- 





hout interfering with too many of the 
hments within the knee of the tendons 





hich ensure that it will flex without be- 





| i , “coming ‘dislocated. 
certing choice: “Would y you Tiker me tod loit ar 
ee cedures are really quite breathtaking. Peo- 

a -ple describe the way of using mechanical 
jigs that guide the saw-blades that provide 
"flat surfaces onto which to seat the artificial 
t 1. materials. Freeman prefers high-density 
n e polyethylene for the lower bearing surface, 
re con Which i is seated (and usually cemented) in 
he the upper part of the trimmed-down tibia, 
and a cobalt-chromium alloy for the upper 
surface, wrapped around the head of the 


To those who are not surgeons, the pro- 







femur. But there is plenty of room for argu- 


_ment, and for improvement of design. Some 
favour titanium rather than the cobalt—chro- 


mium alloy. Others are working with knee 
joints in which the stability is provided by 


mechanical constraints, as in a hinge. Some 
even use the word “hinge” . . 


Nobody offered me a knee replacement, 
and if they had I hope I would have sum- 
moned up the strength to say, “Not yet”. In 
the end, when the knee had failed fully to 
recover, there was another atheroscopy, de- 
bris was excavated from behind the kneecap 
(bones bleed when broken, one forgets), 
another miracle cure and another taxi to the 
office. Ten days in hospital, that took. 

I wish now that I had listened more 
carefully to the advice I was given before | 
left. Take it easy! Go to physiotherapy regu- 
larly, and preferably every day! Do not give 
up the crutches until your knee feels well! 


Keep icing that knee! The trouble lies in the 


layman’s sense of what a cure means. Am I 


nd. ligaments that hold it together, and 





well or am I not? If the latter, | will stay in 
bed, if the former, I will walk. So I bought a 
walking-stick in a farm supply shop and 
went on my travels. 

To be fair, Aichroth and Cannon is full of 
the need for retraining the knee after an 
operation of any kind, under the rubric of 
rehabilitation. Their associate Dipak V. Patel, 


-from the Wellington Hospital, London, has 


laced their volume with careful statistical 
accounts of people’s recovery from the sev- 


| eral procedures they describe. 





Outsiders by now will not be surprised to 
learn that the evaluation of knee function is 
in itself a serious issue: indeed, according to 
a contribution by Aichroth and Patel, there 
have been so many worthy but uncoordi- 
nated attempts at the evaluation of knee 
function that a committee called the Interna- 
tional Knee Documentation Committee has 
been set up to rationalize them. Like the 
surgeons they are, they endorse the view that 
evaluation should not tempt people “to sub- 
stitute bad. accounting for good judgement”. 

In reality, the fun in this volume is in the 
sense of daring it repeatedly conveys. There 
are, for example, enthusiastic accounts of the 
usefulness of nuclear magnetic resonance in 
visualizing the soft-tissue structures in the 
knee. Then there is the business of dealing 
with the serious injuries of the stabilizing 


ligaments to which sportspeople are prone. 
Mathematicians will be intrigued by the 


insufficiently explicit accounts of where best 
to re-fix ligaments to the neighbouring bones, 
but surgeons (for whom the book is written) 
will be more taken with tales of how to 
replace them altogether. Plainly the knee is 
well on the way to being replaceable. 

‘So why my regret at having taken so 
quickly to a walking-stick? After an over- 
seas journey, I remembered that | was due 
for a check-up. Slightly querulously, | com- 
plained that the knee still hurt, and was told 
to have patience. That evening, I slipped on 
the kitchen floor and broke my right fernur 
just above the knee. From where I had- 
fallen, I told the surgeon what had hap- 
pened. He said he'd look in at the hospitalin 
a couple of hours (by which time it was 2.30 
a.m.). No doubt sympathetically, he men- 
tioned that the death rate from broken fe- 
murs during the First World War was 90 per 
cent. The following day he installed a stain- 
less steel plate, complete with an array of 
screws. Drooling over an X-ray of my thigh, 
a physiotherapist said “who would have 
thought anybody could have put that to- 
gether again?” The knee-cap, as it happens, 
also seems to be mending. John Maddox 
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Tunguska comes down to Earth 


H. J. Melosh 


FEW natural events this century have 
excited as much popular and scientific 
interest as the gigantic explosion that 
rocked the Siberian taiga near the Tun- 
guska river on the morning of 30 June 
1908. Second only to the Loch Ness 
monster and Bigfoot in the popular 
Science press, the Tunguska explosion 
has moved otherwise reputable scientists 
to propose explanations ranging from 
antimatter meteorites to mini black holes 
to near-critical fissionable masses. One 
theory popular in 1930s Russia attri- 
buted it to the explosion of a nuclear- 
powered (!) spacecraft. And the UFO 
explanation seems prevalent in some 
quarters even today. However. serious 
scientific study has been converging on a 
more prosaic explanation wrapped up by 
Chyba and colleagues on page 40 of 
this issue’, 

At its simplest, this explanation holds 
that the Tunguska explosion was caused 
by the fall of a large meteorite that 
broke up and deposited its energy in 
atmospheric blast waves before reaching 
the ground. The essentials of this picture 
were established by L. A. Kulik, who 
made the first on-site investigations of 
the explosion in the years 1927-39. Kulik 
attributed some boggy depressions near 
the explosion site to meteorite impacts, a 
proposal that was later discredited. No 
impact crater or large meteorite frag- 
ments were ever found at Tunguska. 

Kulik’s work was refined by E. L. 
Krinov’, who proposed that the explo- 
sion was created by a comet. The idea of 
a cometary impactor was strongly sup- 
ported by more recent work*, although 
the density of the required comet is very 
small, 0.01-0.001 g cm~*. Compared to 
the density of roughly 0.6—-1.0 g cm? 
reported for comet Halley*”, this would 
make the Tunguska object decidedly 
unusual. However, Chris Chyba, Paul 
Thomas and Kevin Zahnle now argue 
that a full consideration of the dynamics 
of a meteorite traversing the atmosphere 
shows that the Tunguska explosion is 
fully compatible with the entry of a 
roughly 30-m diameter meteorite of the 
common stony class. 

Previous workers considered a low- 
density comet necessary because of the 
peculiar pattern of energy deposition: 
the arrangement of the flattened trees, 
microbarograph and seismic records all 
Suggest a nearly point-like release of 
10-20 megatons equivalent of TNT in 
the atmosphere about 10 km above the 
surface. Although the ‘butterfly’ pattern 
of the tree-fall does suggest some energy 
released along a sloping line, it is clear 
that most of the energy was deposited in 
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a small region near the terminus of the 
giant meteor’s flight. The only way for a 
meteorite (or comet) both to deposit the 
observed energy and to stop in the 
atmosphere at the observed height is if it 
possesses a very low average density. 
This is a very general result from the 
conservation of energy and momentum, 
and seems very difficult to get around. 
Chyba and colleagues’ innovation is to 





craters). In Chyba and colleagues’ pic- 
ture, the low average densities are 
achieved by fragmentation and dispersion 
of an object that was originally of 
normal density. 

The idea that meteorites are frag- 
mented by aerodynamic forces is not 
new. Apart from the bursts and flare-ups 
plainly visible in many bright fireballs 
(see figure), strewn fields of meteorites 
such as the 1947 Sikhote—Aline fall or 
the Henbury craters in Australia attest 
to atmospheric breakup of incoming 
meteorites. Quinn Passey and I ex- 
amined this process in some detail 10 


Near miss: on 10 August 1972 this brilliant fireball made a 1,500-km track as a small 
asteroid dipped into the Earth's atmosphere over the western United States. passing just 
98 km above Montana, at 15 km s+. Estimates of the object's diameter vary widely, from 
4 to 80 m. If the larger estimates are right, and if it had approached at a steeper angle, it 
might have caused an atmospheric explosion comparable to Tunguska’s. The photo above 
was taken at Grand Teton National Park in Wyoming. 


include the effect of aerodynamic forces 
on the body. They show that these can 
fracture it and spread out the fragments, 
greatly increasing its overall atmospheric 
drag and so increasing the rate at which 
energy was deposited into the atmos- 
phere. This process proceeds nearly 
catastrophically, as increasing drag in- 
creases the deceleration, which in turn 
spreads the fragments faster. In addi- 
tion, the atmospheric density rises ex- 
ponentially with decreasing altitude. 
These effects mean that bodies of the 
appropriate size will ultimately deposit 
most of their energy in a small region 
near the end of the trajectory (objects 
much smaller than 30 m in diameter 
either burn up or reach terminal velo- 
city in the upper atmosphere, whereas 
the largest objects penetrate to the 
surface and form hypervelocity impact 


years ago’, as did Grigorian and others 
in the former Soviet Union™''. How- 
ever, it was not until Zahnle studied 
the origin of the ‘dark shadows’ on 
Venus'** that a fragmentation model 
was coupled to the equations governing 
meteor flight in the atmosphere. Chyba, 
Thomas and Zahnle apply this model to 
the Earth, computing the energy deposi- 
tion from fragmenting meteorites and 
comparing the results to the Tunguska 
explosion. They examine the entry of 
meteorites starting with 15 megatons of 
kinetic energy and with strengths associ- 
ated with the known meteorite classes — 
the strong irons, ordinary stony 
meteorites and fragile carbonaceous 
chondrites. Several estimates for comet 
strengths are also used. The iron 
meteorites hardly fragment at all and so- 
strike the ground at high speed, as other 
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irons in this size range have been 
< observed to (Meteor Crater, Arizona, was 
made by an iron object with approx- 
jmately this energy). The comets and 
carbonaceous chondrites deposit their 
_ energy too high. Only the ordinary stony 
o meteorites create an explosion resemb- 
_ ling that at Tunguska. 

Substantial progress has thus been 
made in reducing the Tunguska explo- 
sion from the realm of the near- 
miraculous to a natural, although rare, 
occurrence. Instead of an implausibly 
low-density comet, the Tunguska projec- 
tile was more likely a representative of 
the most common class of meteorites.. 
This picture leaves a few questions un- 
_ answered, however. One of the more 
notable phenomena associated with the 
Tunguska explosion were the widely re- 
“7 ported ‘tight nights’ observed over Eur- 
- asia for the first few nights after the 
explosion. Proponents of the cometary 
impact theory could point to the possibil- 
ity of light reflected from parts of the 
comet tail that missed the Earth, but 
stony meteorites do not possess tails. 
Instead, Chyba and colleagues revive an 





. earlier suggestion that the light nights 


‘were due to sunlight reflected from high 
noctilucent water-ice clouds. They esti- 


mate that the rise of the Tunguska- 
‘fireball’ of air heated by the explosion _ l 
injected a large quantity of water into | 
the upper atmosphere, which could have Tanaka et al. now show that MIP-1f 


been transported over Europe by high- 





altitude winds. 

There is still work to be done on the 
physics of Tunguska-like explosions. 
Chyba and colleagues model of 
meteoroid fragmentation and dispersal is 


relatively crude. However, the physics 
in the- 


of meteoroid fragmentation 
_Earth’s atmosphere is similar to that 
“needed to study impact cratering on 


further work on this problem will be 


forthcoming from both planetary and 
E 


meteoritical scientists. 


SUHD Melosh is in the Lunar and Planetary P 
“Laboratory, University of Arizonā, Tucson, : 
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Venus, so there is reason to hope that _ 
~ revealed the cytokine in that location. 
Thus, lymphocytes that slow sufficiently 
_to interact with the immobilized cytokine 
_ will be encouraged to activate integrins, 
which in turn mediate firm adhesion by 
; 1 recognition. of ligands on the vessel wall. 


CELL BIOLOGY 


Sticking to the point 


Paul W. Kincade 


INFLAMMATION involves the cooperation 
of many different types of cells and the 
interaction of myriad different proteins. 
A possible role for one of these — the 
cytokine macrophage inflammatory factor 
(MIP-1B) — is provided by Tanaka et al. 
in a paper on page 79 of this issue’. 

They find that MIP-1f triggers one stage 
in the ‘sequence of events that leads 
to lymphocytes adhering to the walls 
of capillaries. before migrating out of 


the blood stream to sites of inflammation - 


in tissues. 
A consensus model emerged last year 
in which at least two different classes of 


adhesion molecules are required for 


leukocyte extravasation”. The first step 
involves members of the selectin family 
which slow. the flow of leukocytes 
through postcapillary venules, promoting 
their transient adhesiveness to the endo- 
thelium. The second involves integrins, 
which convert the transient interaction 
to a strong adhesion. The ‘adhesion 
triggers’, which were thought to influ- 
ence the activity of integrins, remained 


incompletely defined. MIP-1 is one of a 


number of cytokines involved in the 
initial stage of leukocyte migration, and 








could be such a trigger. It acts on the 
CD8* subset of T lymphocytes — cyto- 


-toxic T cells — which respond by im- 


creasing the adhesiveness of their integ- 
rin VLA-4 for one of its ligands — 
VCAM-1. The problem of delivering this 


‘stimulus efficiently to cells that are still 
within the blood stream is apparently 
solved by tethering the cytokine to 

endothelial cell-surface proteoglycans — 


immunostaining of tissue sections has 


Extravasation of cells from the blood 






FO NP Sa eee z z stream is essential for normal lympho- 
ee a ature 381. cyte migration and inflammation, and 


similar 


mechanisms operate in the 
metastasis of some tumours. The import- 
ance in this process of members of both 
the integrin and selectin families of cell 
adhesion molecules (CAMs) has been 
known for some time. The two families 
of CAMs work in sequence®. Transient 


interactions of rapidly moving leukocytes 


with endothelium are mediated by one 
of three animal lectins (L-selectin, E- 
selectin or P-selectin) and their carbohy- 
drate ligands. This favours multiple colli- 
sions between the two cell types and the 
typical ‘rolling’ behaviour of neutrophils, 


-which precedes their flattening against 





signalling, 
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the vessel wall. This latter step is clearly 
mediated by integrins. 

The functions of some CAMs are 
regulated by changes in their levels of 
expression on the cell surface. Integrins, 
however, are constitutively expressed 
and their functions are regulated in other 
ways. ‘Activation’ states of cells express- 
ing integrins and the extracellular di- 
valent-cation concentration dramatically 
affect the specificity and avidity of 
integrins for their ligands. This active 
metabolic process, termed inside/out 
involves phosphorylation/- 
dephosphorylation steps as well as inter- 
action of cytoplasmic integrin tails with 
the cytoskeleton or other molecules’. 

The integrin VLA-4 (ay, 1) studied 
by Tanaka ef al. is found on lympho- 
cytes, monocytes, eosinophils and blood- 
cell precursors, and their experiments 
indicate how VLA-4 might be selectively 
activated on a particular T lymphocyte 
subpopulation. 

There is growing awareness of the 


‘functional interdependence of proteo- 
_ glycans, cytokines and CAMs”. Certain 
growth factors and cytokines, including 
members of the so-called 


‘{ntercrine’ 
family to which MIP-if has been 
assigned, have consensus sequences for 
binding to glycosaminoglycans, such as 
heparan sulphate on cell-surface proteo- 
glycans. Cytokines thus immobilized can 
be sequestered, protected from deg- 


radation and presented to neighbouring 


cells. Heparan sulphate is also a critical 
component of the receptor for at least 
one cytokine fibroblast growth factor — 
and can be recognized as a ligand by at 
least one CAM (N-CAM). Tanaka et al. 
emphasize that some intercrines are 
localized on endothelial cells in postcapil- 
lary venules. These ‘pro-inflammatory’ 
cytokines are made in abundance by 
stimulated macrophages and other cells’ 
and it is now clear that MIP-1f can be 
‘pro-adhesive’ for at least one T-cell sub- 
set. A mechanism is provided for 
tethering it to the luminal surface of 
blood vessels, thus preventing its being 

washed away by the blood stream. 
Tanaka et al. used heparan sulphated 
cell-surface antigen CD44 to coat plastic 
dishes and to immobilize MIP-1p for 
presentation to T lymphocytes. It is not 
clear that CD44, rather than some other 
transmembrane proteoglycan, bears the 
cytokine on endothelial cells. It was, 
however, an interesting choice of mol- 
ecule for a number of reasons. CD44 is 
clearly involved in a variety of processes, 
and is widely distributed on endothelial 
cells and blood cells. It has recently been 
found to have many protein isoforms, 
15 




















including one that is involved in tumour 
metastasis”. As an additional source of 
variation, some cells glycanate CD44 
with heparan sulphate and/or chon- 
droitin sulphate. Again, this may corres- 
pond to the aggressive behaviour of 
tumour cells. CD44 can itself mediate 
cell adhesion and one mechanism in- 
volves its ability to recognize hyaluro- 
nate. As in the case of integrins, cells 
expressing CD44 must be in an appropri- 
ate ‘activation’ state for the molecule to 
bind hyaluronate’. The findings reported 
here call attention to another potentially 
important role for CD44, that of a dock- 
ing site for regulatory cytokines. 
Biological redundancy is a lesson fre- 
quently being taught by ‘knock out’ 
_ mice, and we could soon learn that some 
of the many CAMs, proteoglycans and 
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cytokines are not essential. In the mean- 
time, it is interesting that representatives 
of several large families of molecules 
must cooperate in a complex and 


seemingly vital biological process. Bi 


Paul W. Kincade is in the immunology 
Program, Oklahoma Medical Research 
Foundation, 825 NE 13th Street, Okia- 
homa City, Oklahoma 73104, USA, 
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Models come in from the cold 


Alfred M. Ziegler . 


VasT lakes up to 2,000 km Jong might 
have had a drastic moderating effect on 
the climate of the ancient supercontinent 
Gondwanaland, Yemane argues on page 
51 of this issue’. She takes climate mod- 
ellers to task for ignoring geological data 
that indicate a temperate climate for 
Gondwanaland in the late Permian (250 
million years ago) and for publishing 
model results indicating wild seasonal 
temperature fluctuations, more severe 
even than in Siberia today. And she is 
sending geologists back to their drawing 
boards to prepare better maps of the 


supercontinent. The lakes seem to be the | 


element overlooked in both disciplines. 
Numerical modelling developed for 
the prediction of current climate change 
has given a fresh impetus to the study 
of the climates of past periods when 
the world’s geography was radically dif- 
ferent. Geology provides the only 
data against which the models. can be 
checked. But problems arise because 
not only are the models: imperfect, but 
so are the geological data, and the geo- 
graphical reconstructions are often too 
crude even for the coarse computer grids 
used in modelling. — 
- Part of the trouble is that several 
_ factors conspire to produce changes in 
_- geography, including plate tectonics, 
=- sea-level variation and mountain build- 
ing. Moreover, the geological record of 
these effects is very incomplete. The 
thoughtful palaeogeographer must relate 
the available information to some con- 
cept of the processes involved, but the 
end result may include more imagination 
than fact. Particularly difficult is tracing 
out shorelines of both lakes and epicon- 
tinental seaways, making uncertain any 


estimate of the size of such bodies. 
Yemane starts from lake deposits, which 
have been known for many years, and 
which she suggests are erosional remnants 
of lakes, up to 2,000 km long and 500 


km wide, that existed in the deep interior = 
of Gondwanaland (which | comprised the 


modern southern continents). 





Sturdy evidence: the 5- fot high Mecha: an ungainly. 
mammal-like reptile and herbivore, apparently enjoyed life 
in the late-Permian interior of Gondwanaland, to the dis- 
comfort of modellers who predicted extremes of climate. 

The suggestion that Moschops- migrated to avoid the 
harshest conditions is scorned by Yemane, who doubts their 
ability to cover great distances. (From. ref. 7.) 


In my view, Yemane has taken a 


realistic, indeed conservative, approach 
in mapping these late-Permian lakes; itis | 
possible that the Karoo Basin of South 


Africa was even larger, and connected to 
the sea by way of the Parana Basin of 
Argentina and Brazil. It has been shown 
that this was the case earlier in the 
Permian’, 
some 2,500 km into Antarctica has 
recently been proposed’. Traditionally, 
all these deposits were classed as terres- 
trial or fresh water, but a few fossils are 
now known that allow one to infer the 


and an extension of this sea 


presence of brackish water and this e 
implies an interconnected inland seaway 


of considerable proportions. 


Parts of 






this basin were filled in with sediments, ` 


but some sectors could have retained a _ 
marine connection as late as Yemane’s ` 


map interval. In sum, southern Africa 
and adjacent areas may have been more 
water than dry land, in marked contrast 
to the current palaeogeographic maps 
which show it all as land. 

Lakes and seaways have an ameliora- 
ting effect on the climate. Technically, 
water has a lower specific heat capacity 
than rocks, but because it is a fluid it can 
be heated to depths of 50 m or more 
during the warmer months. This energy 
is then available for redistribution during 
the winter, when the land surface has 
long been frozen. Accordingly, the 
Gondwana lake deposits assume an im- 
portance disproportionate to their size 
and must be identified and searched 
carefully for clues to their original ex- 
tent. In fact, this is one of the goals* of 
the International Geological Correlation 
Program. 

The most direct evidence of past cli- 
mates is through the plants and animals 
that actually had to endure them, as well 
as through the sedimentary products of 
these environments. Evidence for a cool 


temperate climate in the Permian of 
southern Africa (40-55° S) is abundant 
and well summarized by Yemane. For 


comparison, London (51° N) and Chi- 
cago (42° N) experience 
such conditions today. One 
may add to her list the fact 
that a number of the lakes, 
as well as the inland brack- 
ish sea’, contain organic 
rich shales. Such deposits 
would not be expected 
where surface tempera- 
tures approach 4 °C (wa- 
ter’s temperature of max- 
imum density) in winter, 
because of turnover and 
oxygenation of the bottom 
due to density reversals®. 
In fact, the existence of 
these deposits points more 
to the warm temperate 
part of the spectrum. 

If the direct line to 
palaeoclimate is through the geological 
record, then one might well ask, why 


perform the numerical studies in the first 


place? The computer runs are expensive 


but relatively fast, whereas the assembly 


of worldwide fossil datasets is labour 
intensive and the information is inevit- 
ably geographically limited. Palaeon- 
tologists as a group seem to be pre- 
occupied with taxonomic or evolutionary 
studies, and are generally unwilling to 


‘apply themselves to other fields, except 
for the occasional symposium article. 
This is odd because geography and cli- _ 
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iate provide the context in which the 


y. biological patterns are determined, and 










one might well wonder how these factors 


an. be ignored. 
Despite these problems, the next few 


-years will see a substantial improvement 
in our knowledge of past climates. Glo- 
= bal. palaeogeographic mapping is pro- 





gressing slowly but surely here at the 


> University of Chicago, with particular 
attention being paid to reconstructing 


the heights of mountain ranges and the 
widths of ancient seaways. Current re- 
constructions treat orography sketchily, 
and seriously underestimate the dimen- 
sions of water bodies. Improvements in 
the maps will show some. continental 
dispositions that were even more diffe- 
rent from the present than we realize, 
and the resulting climate reconstructions 


+ will also look less like the present. 


Improvements in the atmospheric 


- scientists’ general circulation models will 


include grids with finer resolution and 
will couple them with ocean-circulation 
models. The interaction of the ocean and 
atmosphere is especially important be- 


cause sea surface temperature anomalies 


- -help to drive the very atmospheric wind 
“systems that create them in the. first 
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“place. Oceanic circulation is difficult to 


understand, let alone to model, although. 


matologists. In most published reco 
structions, the sea surface temper: 


arbitrary choice. 


Testing of the numerical modals will l 


be mainly with palaeobotanical datasets. 
currently being assembled. Even if the. 





models can be validated, this testing- 
process will be necessary on a continuing - 
_ basis because of uncertainties in the 
"» palaeogeography. The Permian example. 










of Yemane demonstrates how important 


it is to integrate the results of diverse 
approaches. Only when this is. accom: — 
plished for successive periods of the . 
Earth’s history can the full spectrum of — 
global change be. revealed. aoe 


2 -Alfred M. Ziegler is in the Depan net of 
the „Geophysical Sciences, The University 





Chicago, Chicago, Illinois 60637, USA. 
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ASTRONOMICAL MASERS 


to reveal large-scale motions. 


| found 
-accidental discovery 27 years ago’. Ori- 
crude systems are now available to ch- g 







km s? 
-reach 300 km s”. 
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James M. Moran 


WHERE zoologists can tag animals with 
radio transmitters to track their move- 
ments, or atmospheric scientists can fol- 
low hurricanes with balloon-borne trans- 
mitters, astronomers have to rely on 
astrophysical chance to provide beacons 
Using 
bright maser emission from traces of 
water vapour, Nakai, Inoue and Miyoshi 
have apparently found flows as fast as 
1,000 km s~} within 2 parsecs (6.6 light 
years) of the nucleus of the nearby active 
galaxy NGC4258. The significance of the 


maser emission is in what it may tell us 


about the dynamics of the energy source 
driving the galaxy’s large-scale jets. 
Nakai. et al. suggest, on page 45 of this 
issue', that if the maser signals are not 
from energetic bipolar outflows from the 
galactic nucleus, or from gas orbiting a 
black hole, then they may be revealing 
the presence of dense clouds of ionized 
gas which scatter the maser emission. 
Each possibility is intriguing. 

More than 1,000 masers have been 
in our Galaxy since | their 


ginating from trace molecules such as 


n- hydroxyl or water vapour in gaseous 
res. astrophysical 
have been specified initially and the endo 
results may be influenced by a- rather Pe 


condensations, these 
narrow-line radio beacons are as bright 
as gas heated to temperatures of 10° K 


or more. They are generally located in 
the envelopes. of newly formed stars or 
_ evolved stars nearing the end of their life 
3 cycle. What these two types of stars have 
‘in common are copious winds, which 
shed material at rates of 10° - 
-masses a 
~ condensations form in these flows, and 
some of their molecular constituents are 
-pumped by infrared radiation from the 
host star to stimulate maser radiation. 


10° solar 
year for brief periods. The 


Typical flows have speeds of around 30 
-but the more energetic ones 


These motions can be tracked by very- 
interferometry (VLBI) 
and, with the addition of Doppler in- 
formation, the three-dimensional velo- 


city field can be measured’. The distance 


to the host star can also be estimated 
trigonometrically by comparing the 
angular velocities measured by VLBI 
with the line-of-sight velocities from the 
Doppler shifts of the lines in much the 
same way as a casual observer might 
determine the distance to an airplane by 
comparing its angular and linear velo- 
cities. In evolved stars, the masers in 
different molecular species, such as SiO, 
H,O and OH form in nested shells 
where the species-dependent excitation 
conditions are favourable. 

Over the past decade, masers a million 
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times more powerful have been discov- 
ered in the nuclei of about 50 active 
galaxies’. The galaxies are generally very 
bright at infrared wavelengths, possibly 
owing to bursts of star formation, but 
otherwise their ‘megamasers’ seem to 
have little in common with galactic 
masers. The most distant known mega- 
maser is in IRAS20100~—4156, which has 
a redshift of 0.129 corresponding to a 
distance of about 500 megaparsecs’. 
VLBI measurements’ of NGC3079 show 
that most of its masers are spread over a 
region 0.1 parsecs in diameter, about the 
same as in clusters of newly formed stars 
in our Galaxy. 

The second most intense water-vapour 
maser known was found in NGC4258 
during a search of nearby infrared galax- 
ies by Claussen and Lo’. Its luminosity is 
equivalent to 100 Suns, a remarkable 
amount of radiation from a single transi- 
tion of a trace gas. Nakai, Inoue and 
Miyoshi have now re-examined this 
galaxy. Their idea was to search for 
extreme velocity components im the 
galaxy that might be evident in the 
maser spectrum. Until recently, such a 
project would have been herculean, 
owing to the limited capabilities of spec- 
trometers and narrow-band radio ampli- 
fiers. But Nakai, Inoue and Miyoshi had 
new tools: a wide-band, low-noise ampli- 
fier and a powerful spectrometer having 
16,000 channels and the capacity to 
analyse a 300-MHz chunk of the spec- 
trum (corresponding to a velocity range 
of 4,000 km s+) at one time. 

With this equipment on the 45-m 
telescope at Nobeyama, they readily 
detected the known emission lines near 
zi galaxy’s systemic velocity of 450 km 

l and, in addition, two clusters of lines 
offset from the systemic velocity by 
+1,000 km s’. What is striking about 
the spectrum is the wide gap between 
the masers at the systemic velocity and 
the outliers, and its remarkable symmet- 
ry. They also report preliminary VLBI 
observations that show all the masers to 
be coincident to within 2 parsecs. 

What are these high-velocity lines tell- 
ing us about NGC4258? One possibility. 
is that they are not kinematic in origin at 
all. Several spectral artefacts can be 
ruled out, including the Zeeman effect 
(due to magnetic fields), the Stark effect 
(due to electric fields) and emission from 
unidentified molecules. The Zeeman 
effect would require an astonishing 
magnetic field of 10° gauss, as the H,O 
molecule is nonparamagnetic. The 
stimulated Stark effect would need an 
unrealistic brightness temperature of 
107 K to achieve the requisite electric 
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field strength. There are spectral lines of 
HDO and HOCI that would occur at 
about the observed frequencies, but 
those transitions have never been seen in 
astrophysical environments. 

Stimulated Raman scattering has been 
proposed to explain large frequency 
shifts, using NH, as the intermediary, 
but the frequencies involved in this case 
would require multiple scattering of high 
order, which seems quite implausible’. 
Nakai, Inoue and Mivoshi suggest that 
Raman scattering of the photons from 
the water-vapour maser in a foreground 
plasma could explain the observed fre- 
quency shifts. An ionized cloud with a 
density of 10° cm™ would have a plasma 
frequency of around 75 MHz, about the 
required amount. Such dense interstellar 
ionized regions are conceivable, but the 
geometric constraints required to obtain 
both a boost and a cut in frequency are 
difficult to realize. 

Nakai, Inoue and Miyoshi also discuss 
two kinematic models. In the first, the 
masers trace the gas in a bipolar jet 
emanating from the nucleus; because the 
galaxy is inclined by 72°, the total velo- 
city could be 3,000 km s™ if the jet lies 
along the galactic rotation axis. In the 
second, the maser emission comes from 
an accretion disk spinning around a 
black hole at a velocity of 1,000 km s™'. 
A 1-parsec disk would require there to 
be a central mass of 2 x 10° solar masses 
to maintain keplerian orbital motion. 
The galaxy has a large-scale jet over 10 
kiloparsecs long that appears promin- 
ently in the radio images of the galaxy’s 
synchrotron emission. The angular and 
velocity structures have been measured in 
great detail by Cecil et al.°, who traced 
at least three braided strands in the jet. 
They postulate that the braids could 
originate either with a pair of orbiting 
black holes or with an accretion disk 
around one black hole with parameters 
close to those described by Nakai et al. 
If the masers are associated with the 
inner part of this jet, the water-vapour 
molecules would have to be accelerated 
gradually to avoid dissociation, in which 
case it is puzzling that no emission is 
seen in the gap between the systemic‘ 
velocity and +1,000 km s~”. 

The definitive test of the maser mod- 
els will undoubtedly come from VLBI 
observations, which should be able to 
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distinguish between rotation, expansion 
and no motion within a few years. Inter- 
continental VLBI can produce images 
with resolution of 200 microarcseconds 
at 1.3 cm wavelength; a transverse velo- 
city of +1,000 km s~’ will produce angu- 
lar motions on the order of 30 microarc- 
seconds a year, greater than the demon- 
strated sensitivity? of a few microarc- 
seconds a year. The fine details of the 
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motion will be discernible by VSOP and 
RADIOASTRON, two radio astron- 
omical VLBI satellites expected to be 
launched by Japan and Russia. respec- 
tively, around 1995, O 


James M. Moran is at the Harvard— 
Smithsonian Center for Astrophysics, 60 
Garden Street, Cambridge, Massachusetts 
02138, USA. 


The design of animal signals 


Mark Pagel 


ONE could be forgiven for thinking that 
the study of animal signalling consists 
principally of applications of Weber's 
law of just noticeable differences. Con- 
sider the problems confronting a male 
frog trying to attract a mate: he must 
design his ‘song’ to exploit the properties 
of acoustic signals, of the female frog's 
ear, and of the environment in which he 
will broadcast his song. But, as revealed 
at a recent conference*, he must also 





A bluehead wrasse (Thalassoma bifasciatum) male showing 
its ‘chase’ colours. Is this a ‘conventional’ or ‘honest’ signal 
of intent (see text)? (Courtesy of Marian Dawkins.) 


confront a world in which signal receiv- 
ers have perceptual biases, hidden pref- 
erences and sensory systems burdened 
by history. If this isn’t enough, the 
presence of other males trying to attract 
the same female means that it will usual- 
ly pay for a male to make his signals 
showy, perhaps even frivolous or reck- 
less. Evolutionary biologists, having 
taken important strides in both metho- 
dology and theory, now know nearly as 
much about signalling as the frogs, and 
in some cases more. 

Animals produce a variety of signals 
which they use to threaten, to beg, to 
impress, to warn, to inveigle and so on. 
Ex cathedra scientists often smugly criti- 
cize the field biologists who study such 
signals for relying on anthropocentric 
techniques: how do we know that a 
bright yellow fish looks bright yellow to 


* The Evolution and Design of Animal Signalling Systems, 
London, 28-29 October 1992. Proceedings will appear in 
the Philosophical Transactions of the Royai Society of 
London 


those fish? The critics are going to have 
to get out of their chairs. An account 
by H. Römer, (Karl-Franzens University) 
of a ‘biological microphone’ made up of 
a live bushcricket with electrodes poked 
into its auditory nerves, and strapped 
atop a brass pole, was worthy of a 
cyborg-punk novel and made for good 
science. Connect this sentient bio-phone 
to a tape recorder, play another bush- 
cricket’s acoustic signal, and one can 
listen to what a bush- 
cricket hears. Carry the 
bushcricket-cum-tape re- 
corder around the forest 
and one can make a pre- 
cise map of a signalling 
bushcricket’s acoustic terri- 
tory. Play several signallers 
and one can find out 
whether the listener can 
discriminate among them 
or even single one out — 
the so-called ‘cocktail party 
phenomenon’. Bushcrick- 
ets can do both, but attend 
selectively to the loudest of 
the competing inputs. This is important 
for testing ideas relating to mate choice 
and sexual selection; how females (in 
this instance) might choose among males 
on the basis of their ‘songs’, and how 
males should design their songs in re- 
sponse to the perceptual capabilities and 
preferences of females. 

Female preferences are part of a 
theoretically sophisticated but conten- 
tious area of animal signalling — sexual 
selection. Darwin proposed that many of 
the secondary sexual characteristics of 
males, such as the long tails of birds of 
paradise, or the complex song reper- 
toires of robins, evolved in response to 
female choice of mates. Theoretical 
models of sexual selection assume that 
the male trait and the female preference 
coevolve, leading to the exaggeration of 
the male trait and the evolution of 
female preference. Males benefit by 


‘being attractive to females and females 


benefit either from having sons with the 
trait (fisherian runaway), or by getting 
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good genes or some other resource from 
the father. 

There is some evidence, however, that 
females may have ‘pre-existing prefer- 
ences’ for particular traits, and that 
males may evolve merely to exploit 
females’ sensory biases'~. Female frogs 
of the species Physalaemus coloradorum 
prefer the ‘whine and chuck’ calls of 
males from the sister species P. pustulo- 
sus to the ‘whine’ only calls of males of 
their own species (M. Ryan, University 
of Texas, Austin), even though they will 
not have heard them before. Phylogen- 
etic studies suggest that the preference is 
ancestral to both species. It is significant 
that the hidden preference is for a qual- 
itatively different call; a preference for a 
supernormal or exaggerated form of the 
call that they usually hear would be 
expected on theoretical grounds from 
the runaway, good genes, or better re- 
sources views of sexual selection. 

Lucky will be the first P. coloradorum 
male to produce a call with chucks: 
theoretical models show that this trait 
could spread through the population 
even without any coevolutionary change 
in female preference*. Whether ‘pre- 
existing bias’ represents a new explana- 
tion for sexually selected traits or a 
special case of existing models is con- 
troversial. In P. pustulosus the larger 
males produce calls with chucks of 
lower frequency. Females not only prefer 
these calls, but have more of their eggs 
fertilized when they mate with the 
larger males’. 

Research that assigns genetic algor- 
ithms the task of learning discrimination 
tasks suggests that all perceptual systems 
have inherent and unpredictable hidden 
biases for stimuli that they have never 
seen (A. Arak, Archway Engineering, 
UK). To illustrate this point, consider an 
insect pollinator that has only two plant 
species in its environment, A and B, and 
prefers species A to species B. Flowers 
of species A have long petals, those of B 
are short, and the insect discriminates 
between the two flowers solely on this 
basis. Perfect discrimination would result 
if the insect’s sensory system responded 
to A and B flowers with a step function: 
very low levels to B flowers, very high 
levels to A flowers, and very low levels 
to points in between. But an inverted ‘U’ 
shaped function that was low at B, 
higher at A, but highest in between 
would discriminate equally well between 
A and B, but would contain an inherent 
and never-tested sensory bias for flowers 
of intermediate size. 

In principle, an infinite number of 
discrimination functions that yield hid- 
den biases can be constructed. Such 
biases, if widespread in nature, would 
circumscribe the notion of an evolution- 
arily stable strategy (ESS)? when ap- 
plied to discrimination (Arak). All ESS 
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Decameric drug sandwich 








THe immunosuppressive drug cyclosporin A (CsA), a peptide fungal product that has 
been used for over a decade to prevent rejection of organ transplants, works by 
binding to members of the family of cyclophilin proteins. The drug—receptor 
complex mediates its immunosuppressive effect by interfering with the T-cell 
signal-transduction cascade, thereby preventing T-cell activation, a critical step in 
the immune response that causes transplant rejection. In investigating the X-ray 
structure of crystalline cyclophilin—cyclosporin A complexes, G. Pflug! ef al. found 
the remarkable pentameric supermolecule shown above (cyclosporin, solid 
spheres; molecular surfaces of the five different coloured cyclophilin molecules 
shown as shrunken polygons using the program VIEW, M. Sanner, Sandoz). As the 
authors show on page 91 of this issue, these pentamers associate in pairs, sitting 
on top of one another, to form a ten-membered disk-like structure; the ‘decameric 
sandwich’. The secondary structure elements of the cyclophilin A molecules, the 
{-sheets and a-helices, are on the upper and lower faces of the disk and the 
CsA-binding loops and ten CsA molecules are sandwiched between them (the 
picture illustrates the inner face of one half of the sandwich). The biological 
significance of the pentamer and the decameric sandwich is as yet unclear, but 
there are hints that they may be more than an artefact of the crystallization 
process. The X-ray structure, as well as revealing the intriguing supramolecular 
organization of the cyclophilin—cyclosporin complex, sheds further light on details 
of the interaction of the peptide drug and its receptor, independently analysed with | 
NMR by Y. Thériault et al. on page 88. This information will be of great use in the | 


design of CsA analogues. 


systems are limited, implicitly, to the 
range of stimuli considered, but this 
work makes clear the potential to jump 
out of such a system. At least tempor- 
arily, that is: for a jump out of an ESS 
system to be maintained, there must be 
an advantage to both the signaller and 
the receiver. Perhaps tellingly, the gen- 
etic algorithm’s biases were for super- 
normal stimuli — it preferred bigger or 
longer instantiations of the stimuli which 
it had evolved to discriminate rather 
than intermediate or qualitatively dif- 
ferent forms. It is still early, but these 
results combined with the large number 
of selective forces acting on signalling 
systems (for example, most discrimina- 
tion systems will be exposed to more 
than two forms) may greatly reduce the 
number and form of hidden biases. 
Amotz Zahavi (University of Tel 
Aviv) carried a remarkable idea out of 
Israel and into the rest of evolutionary 
biology in the middle 1970s, an idea that 
after a short period in the wilderness has 
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now gained wide acceptance. Zahavi's 
idea was that when signals are used to 
persuade, as in threats or sexual attrac- 
tion, signalling systems will evolve 
around costly, wasteful signals. Thus, 
the ‘stot’ of a Thompson’s gazelle while 
being chased by a predator — as it runs 
it jumps up into the air holding its legs 
out straight — is an utterly wasteful, 
frivolous and even reckless thing to do 
But this very wastefulness, tronically, 
assures the predator of the gazelle’s 
ability to flee: stotting is an ‘honest’ 
signal because only the best quality 
gazelles can afford to ‘handicap’ them- 
selves by stotting (see ref. 7). Similar 
logic has been applied to explain a 
diverse set of animal signals, and may 
help to explain why some people spend 
as much on a wristwatch as most of us 
would spend on a new car. Theoretical 
models of the handicap principle*'” 
have assumed implicitly that receivers 
can perceive signals — such as the height 
of a stot — without error. New theoreti- 
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cal work", however, 
handicap principle works even when this 
assumption is relaxed (A. Grafen, Uni- 
versity of Oxford). Receivers may also 
make use of several signals simul- 
taneously in an attempt to ‘average out’ 
the error in their perceptions of each. 

How pure are ‘honest’ signalling sys- 
tems? Costly signalling systems could, in 
some circumstances, be vulnerable to 
cheats who form the signal but do not 
pay its costs (M. Dawkins, University of 
Oxford). Insects with warning colora- 
tion, such as ladybirds, and even some 
birds", sequester toxins and so may be 
signalling honestly to potential predators 
that they are unpalatable (but see ref. 
13). However, ‘automimic’ ladybirds, 
which produce the warning colour but do 
not pay the price of sequestering the 
toxins, could exist at low levels. But 
cheats do owe their existence to honest 
systems. | 

The term ‘conventional signals’ has 
been applied to those signals for which 
the costs ot the signal are not part of the 
message'*, Much debate has focused on 
whether conventional signals can be used 
to persuade (see figure). Birds may use 
badges of status (D. Harper, University 
of Sussex), such as a spot on their 
breasts, to signal their position in the 
status hierarchy. A smaller, less costly, 
badge may be used to signal higher 
status. But even though the meaning of 
the signal (status) is not related to its 
cost, the actions required to enforce 
status will be, and so badges of status 
may in this sense prove to be ‘honest’. 
Perhaps conventional signals commonly 
exist in cases where there is no conflict 
of interest between the two parties? Not 
necessarily: although a controversial 
point, genetically identical (save for 
mutations) somatic cells in the same 
body may ensure the reliability of signals 
passed between them by making those 
signals costly (Zahavi). O 


Mark Pagel is at the School of Mathema- 
tical Sciences, Queen Mary and Westfield 
College, University of London, London 
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VISUAL TRANSDUCTION 


James B. Hurley 


THE discovery of cyclic GMP-gated 
cation channels in the rod and cone 
photoreceptors’ of vertebrate retinae 
unveiled an important and elegantly 


| simple type of sensory transduction mech- 


anism. Light-stimulated hydrolysis of 
intracellular cGMP is linked to inhibi- 
tion of Na* and Ca** influx by direct 


interaction of cGMP with plasma mem- 
brane cation channels. Recent reports” * | 


demonstrate that Ca** regulates the 
affinities of these channels for cyclic 
nucleotides both in photoreceptors and 
in olfactory sensory neurons: Writing on 
page 76 of this issue*, Hsu and Molday 
report that the affinity of photoreceptor 
channels for cGMP is regulated by 
the ubiquitous Ca**-binding protein 
calmodulin. 

Electrophysiological studies of how 
light affects ion currents flowing across 
photoreceptor plasma membranes have 
defined important characteristics of the 
photoresponse. This has challenged 
biochemists to identify molecules and 
reactions that can explain those charac- 
teristics. Quite a few pieces of the puzzle 
of phototransduction have been identi- 
fied, but few of them have been placed 
definitively into a picture that fully ex- 
plains photoexcitation, recovery and 
adaptation. Hsu and Molday have identi- 
fied an important new piece to be fitted 
into this puzzle. 

Here is a popular version of how 
phototransduction works, based on what 


we have found out so far. Two well 


known second messengers, cGMP and 
Ca**, have intricately intertwined roles 
in generating the photoresponse>. Light 
stimulates hydrolysis of cGMP through 
the actions of rhodopsin, transducin and 
a CGMP phosphodiesterase. In the pre- 


sence of sufficient intracellular CGMP, as ` 
there would be in darkness, meee cats 


cation channels allow Na* and Ca 
enter the cell. 


of the cell by a Na*/Ca?*-K* exchanger®. 


Ca** is an important regulator of cer- 
tain vertebrate phototransduction en- 


zymes. Lowering the concentration of 
free Ca** within the submicromolar range, 
as occurs in the cell following a light 
flash, stimulates cGMP synthesis by 
photoreceptor guanylate cyclase’. Low 
Cat concentrations also reduce the light 
sensitivity and accelerate deactivation of 
photoreceptor cGMP phosphodiesterase 
activity”. Both Ca** effects were recent- 
ly reported to be mediated by members 
of a newly identified family of Ca?* 

binding proteins. The roles of these 


Sensing calcium in rod cells 


-calmodulin 


Light-stimulated cGMP 
hydrolysis reduces this channel activity. — 
Consequently. the intracellular concen- | 
tration of Ca°* falls as it is pumped out — 








proteins in signal transduction are only 
beginning to be understood. Initial 
reports”? suggested that one of ‘these 
proteins, bovine recoverin, is a Ca**- 

sensitive activator of guanylate cyclase 
and that another, frog S-modulin, reg- 
ulates the light sensitivity of cGMP phos- 


_ phodiesterase. But a report to appear in 


a forthcoming issue of Neuron raises 


important questions about the rela- 
tionship between recoverin and guany- 


late cyclase. Gray-Keller et al. have 
found biochemical and electrophysiolo- 
gical evidence that recoverin and related 


proteins do not promote recovery, but 


instead prolong the ,Photoresponse. 

Hsu and Molday* show that Ca2* in 
photoreceptors has an additional mode 
of action that is mediated by calmodulin. 
By measuring the cation permeability of 
vesicles derived from photoreceptor 
membranes, they found that Ca2*- 
calmodulin interacts with the rod photo- 
receptor CGMP-gated channel to raise its 
Kın for cGMP from 19 uM to 33 uM 
cGMP. As the cGMP-dependence of the 
channel is cooperative, this produced as 
much as a sixfold effect of calmodulin on 


-channel activity at low cGMP concentra- 
tions. The calmodulin effect occurred 


between 50 and 30 nM Ca?*, which is 
probably within the range of free Ca 
concentrations in a photoreceptor®. Only 
calmodulin. produced this effect; it was 
not mimicked by several other Ca’*- 
binding proteins, including recoverin. 
These. findings prompted Hsu and 
Molday to identify photoreceptor pro- 
teins that interact with calmodulin. Not 
surprisingly, they found that the primary 
target in photoreceptor 
membranes is the cGMP-gated channel 


complex. Calmodulin affinity chroma- 
tography purified two polypeptides of 
d relative molecular mass 63K and 240K 
o which had been previously shown to 
constitute the channel complex. Blots of 


purified channel preparations probed 


with radioactive — calmodulin revealed 
that the 240K polypeptide is the compo- 
nent | 


that binds calmodulin. This 
polypeptide may be related to spectrin 


and fodrin, which have been reported to 
bind calmodulin. 


Gordon et al.* recently reported an 
observation that may be related to Hsu 
and Molday’s finding. While examining 
cGMP-gated cation channels in mem- 
brane patches excised from frog photo- 
receptors, they noticed that the channels 
developed a stronger affinity for cGMP 
during the course of their experiments. 
This time-dependent effect was attri- 
buted to protein dephosphorylation, as 
protein phosphatase inhibitors blocked 
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t e, effect and application of protein 


- phosphatase I mimicked it. Although 
ey did not specifically address the role 
‘calmodulin in their experiments, Gor- 

don et al. found that the time- dependent 

change in cGMP affinity required Ca** 

When EGTA was used to lower free 
a*t to ver! than 1 nM, the channel 
mained. its low-affinity state. 
owever, Hsu and Molday’ s finding sug- 
sts that chelating Ca°* would release 


calmodulin from the channel complex _ 


-and generate the high-affinity channel. 
-_ Gordon’s observation seems to be at od 
with Hsu and Molday’s finding, bt 
potentially complex relationship betwee 





patches will require closer inspection. 
In another related report, Krame a 
Siegelbaum’ demonstfate that C 














olfactory cilia. Raising C 2+ fr 
nM to 70 uM shifted the Kia ¢ 
channel from 2.8 uM to 6.2 uM 

This Ca**-induced decrease in 
for cAMP. appeared to depen 
Soluble factor that eluted from the pa 





“es during the experiments. Might this 
factor be calmodulin? | 


Kramer . and 
‘Siegelbaum. suggest that it isn’t. Calmi- 





dazolium, a ee calmodulin inhibitor, 5 

















aen may mediate. the e 
Ca?* on the olfactory channel. 

Despite their discrepancies, | 
these reports provides evide 
ligand affinities of cyclic-m 
gated cation channels in sensory. 
can be regulated. and. that Ca” e 
















affects a cAMP-gated channel in eei 
membrane patches derived: from catfish. | 


E knowledge of the mol- 


sical. means of 
radiotherapy and, most im- 


orr In fact, 











channels to rebind cGMP. In photo- 
receptors and in olfactory sensory 
neurons, Ca** also seems to mediate 
adaptation to background stimuli?! 

Kramer and Siegelbaum propose that 
odorant-stimulated elevation of in- 
tracellular Ca** may promote adaptation 
by reducing the affinity of cyclic- 


nucleotide-gated channels for cAMP. 


SYNTHETIC CHEMISTRY ———— 





A NEW step in the fight against cancer 
< has been achieved with the laboratory 
synthesis in gram quantities of a natural 
compound with powerful anti-tumour 


activity. The synthesis, described by 


‘Nicolaou et al. in the Journal of the Am- 


erican: -Chemical Society’, is a remark- 


ae able triumph of chemical ‘techniques. 


Despite the recent advances in our 


a. ecular biology of cancer 
he induction and progression, 
eradication of the disease 
is still achieved by the clas- D 


Surgery, 


chemotherapy. 
chemotherapy rather than 
immunotherapy is likely to retain its 
pre-eminence for many years. In con- 
sequence, new drugs with novel modes 
of action are keenly sought, and the 


portantly, 





oe rapidly expanding research activity on 
f the enediynes exemplifies the interest in 
ae area. 


"Four: ‘natural products with an ene- 










might a channel with Ca? * depe i 
= affinity for cyclic nucleotides. gi 
oa pene neuron? Hsu and Mol 
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FIG. 1 Structures of naturally occurring enediyne anticancer antibiotics: 1, a micin 7s 2 5 
calicheamicin y,; 3, esperamicin A,; 4, neocarzinostatin chromophore. ms 


' -John Mann 


© calmodulin, phosphorylation state and — 
the cGMP-dependent channel in excised. 








These findings add a new twist to the 
increasingly complex picture of how sen- 
sory neurons respond, recover and adapt 
to their stimull. a 


James B. Hurley is in the Howard Hughes 
Medical Institute and the Department of 
Biochemistry at the University of Washing- 
ton, Seattle, Washington 98195. USA. 
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diyne subunit (compounds 1-4, Fig. 1) 
have been isolated from bacteria during 
the past 12 years’”, each possessing 
marked anti-tumour activity. Unlike the 
alkylating agents (N-mustards, platinum 
drugs, and so on), which damage nuclear 


‘DNA through the formation of intra- 


strand cross-links, these new compounds 
are metabolized into active diradicals 
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FIG. 2 The Bergman cycloaromatization reaction. 


which abstract hydrogen atoms from the 
sugar-phosphate backbone of DNA. 
The mechanism of this process can be 
compared with the so-called Bergman 
reaction which was first described in 
1972° (Fig. 2). An enediyne was con- 
verted into a benzene diradical (5), and 
this abstracts two hydrogens to produce 
a substituted benzene (6). The natural 
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DAEDALUS aera 


Some forms. of brain surgery are - 
conducted under purely local | pe 
anaesthetic. When the surgeon. touches En 
| the conscious brain with an electre de, o 
the patient is often overwhelmed by | 
some vivid memory. Different regions of — 
the brain trigger different memories. 
Daedalus now proposes a less Invasive 

| method of exploring our mental world. 

| He points out that a changing 

|} Magnetic field can induce a strong but 
diffuse ring current in an electrical 
conductor. To give a more concentrated 
ting current, he has devised an 
electromagnet whose two pole pieces 

are tubular. The field between them is 

| hollow, less intense in the middie than 

at the periphery. increase the current in 
the electromagnet, and the strong 


























DNA 
cleavage 


FIG. 3. Enediyne design, synthesis and biological action. 





ae 


products all possess an enediyne unit as 


part of an overall structure which also 
contains a delivery system (carbohydrate 
or intercalating group). and a triggering 
device. The molecules are in effect pro- 
drugs, in that the two triple bonds are 
held apart until after the triggering 


structure, but following abstraction of a 
proton, and migration of electrons, the 
epoxide is opened thus effecting relaxa- 
tion of the rigid structure, and precipitat- 
ing the Bergman reaction. 

This is clearly not the end of the story. 
Bergman could eee not have predicted 


annular field expands. 


into the central 


region. A conductor in that region 
experiences a small, localized ring 
current. Two such magnets at right 


intersection. 


angles, their fields intersecting in 
quadrupolar fashion, define an even 
| tighter ring current at the point of 


































mecanism nas maken piace, The Bere that his innovative’ chemistry had | “centred on a human head, and given a 
CYTOTOXICITIES OF DESIGNED ENEDIYNE 7 AGAINST 19 TUMOUR CELL LINES (TOP) AND FOUR NORMAL suitable sudden step-increase in its | 
CELL LINES (BOTTOM) current, Daedalus's quadrupolar magnet | 
Cell type Cell line ICs, (M) ‘Cell type Ceti line iCso (M) should induce a ting current in a small 
Mel SKMel-28 34x40-8 L P ENE js a specific area of the brain. The local 
Hjanoma MIEI- oh X $ ung carcinoma ; re 3.0 % LO” 
Melanoma M-14 1.6 x 10°° Pancreatic carcinoma Capan-1 3.41 x10 — vees pa ispa ee bee oi e | 
Melanoma M-21 1.6 x108 T-cell leukaemia TCAF 1.1 x 107° ould carry o atever action, 
Colon carcinoma HT-29 1.6 x 10° Multidrug resistant TCAF-DAX 1.7x 10-2 experience whatever sensation, or recall 
Ovarian carcinoma Ovear-3 78x107 T-cell leukaemia whatever memory was triggered by those | 
Astrocytoma U-87 UG 7.81077 Myeloma RPMI-8226 7.7 x 10° | neurons. 
ann eS 7ecdp) heceueee P-388 46x109 | DREADCO volunteers are now trying 
{ CF- use leukaemic -4 LS x TOT" j ’ 
Lung carcinoma H-358 2. O x 10” T f Promyelocytic leukaemia HL-6O. 3.6 x 40744 this out in practice. For safety $ sake, 
Lung carcinoma H-522 9.8 x 1078 ` T-cell leukaemia Molt-4 20x10 | they operate the whole machine 
| | themselves. They choose the region of | 
Bone marrow HNBM 5.0 x 10° Normal human dermal NHDF 5.0 x 10°* | their brain to be activated, and slowly 
Human mammary HMEC 6.3 x 107° fibroblast | increase the intensity of the current 


epithelial ceils CHO 


Chinese hamster ovary 


_ 34x10! | pulses of the magnet until they startto = 
feel the effects. If these are too 


| disconcerting, they can back off or move 






already been invented in the natural 


world, and this research provides yet - | to another region; if the effects are 


another illustration of the wealth of 

| interesting or leasant they can increase 
chemistry and pharmacology associated the intensity further Each volunteer can 
with natural products, and just waiting e 


to be discovered. n G 


man reaction can then occur, and a 
benzene diradical is formed, leading to 
damage of the DNA. 

A number of groups are active in this 
area, but Nicolaou and coworkers have 
probably made the greatest contributions 
to our knowledge of the chemistry and 
modes of „action of these intriguing 
| molecules’ In their latest contri- 
bution’, they report the first total synthe- 
sis of calicheamicin yı (2) in stereo- 


chemically pure form, The synthesis is ee o 
_ highly convergent. and should provide 1. Nicolaou, K. C. et af. J. Am. chem. Soe, 114. 10082- A copies of everything? Do some people 
_| pack a lot more memory into a given 


access to gram quantities of the natural _ 10084 (1992). | pa 

2. Konishi, M, etal J. Antibiot. 42. 1449-1452 (1989). | 

_ product and structural analogues. 3. Lee, M. D., Ellestad, G, A. & Borders, D: B. Acc. ‘hem. r space, by efficient coding? If so, what is 

In addition, Nicolaou et al. have also Res. 24, 235-243 (1991) = e code? Daedalus suspects that | 

5-1609 (1985 | 

_ recently provided details of the synthesis $ Konsh,M etal J Anibioe 38, 1605-416 TN __| Information on a particular topic (like 

of much of the dynemicin molecule, as |. H. Biochem. biophys. Res. Commun. 88,635-642. | @ animals or faces) may well be coded in 

well as of the syntheses of several simpli- „_ 097%. y ke, __ {the form of an archetype, with specific 

9.10 6. Bergman, R. G. Ace. chem. Res. 6 25-34 11972). | ‘examples being economically stored as 

fied diynes” Several of these, most 7. Nicolaou, K. C., Dai, W.-M., Tsay, S.-C.. Estevez. VA pi 

notably (7), possess quite staggering & Wrasido, W, Science 286, 1172-1178 (1992). perturbations of that archetype. The : 
FAT V P eS ti ble aes d Nicolaou, K. C. & Smith, A. L: Ace. chem. Res. 25, | DREADCO encephalomagnet may reveal — | 

anti-tumour activity (see table), an | at last the primitive elements from | 


| crude ‘map’ of its contents. 


E -The results will be fascinating, 


Chemistry, University of Reading. White- naa : Minded volunteers, Will they find all 
knights, PO Box 224, a de RGE 2AD, ` | sorts of misiaid memories, quite beyond 
UK. tae conscious recall? Does the brain, like 


essive bureaucracy, really file 
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SIR - — In addition to being aesthetically 
unappealing, litter has direct impacts on 
marine ecosystems. It provides novel 
< attachment sites for sessile organisms, 
kills or injures animals that become 
entangled in or eat litter, and possibly 
aids dispersal of terrestrial organisms. 






The amount of litter at sea is increasing - 


despite control measures. 


Floating litter drifts throughout the- 


world’s oceans, either dumped from 
ships or blown and washed from land. 


Even Antarctica, far from source areas, — 
Plastic articles pose the 


is affected’. 
greatest problem: once at sea, plastics 
are virtually immune to degradation and 


can drift for years, covering vast dis- 
tances. Steps taken to curb the release of 





persistent litter into the sea include edu- 
cation, product substitution and legis- 
lation. The most far-reaching step was 
taken in 1987, when countries responsi- 
ble for more than half the world’s ship- 
ping acceded to Annex V of the Interna- 
© tional Convention for the Prevention of 
~ Pollution from Ships (MARPOL), which 
ae bans the disposal of persistent wastes at 
sea’. 
the end of 1988, but there have been few 
attempts to monitor its effectiveness. 


Between 1984 and 1990, we surveyed 
litter washed up at Inaccessible Island 
, 12°30’ W), a remote island in 
south 


(3715'S 
the Tristan da Cunha. group, 
Atlantic Ocean**. The island is. unin- 


habited and is seldom visited, making ito 
ideal for monitoring the rate of litter 
accumulation. The figure shows ~ 










the density of litter increased expon: 
tially throughout the study period, wi 





the litter, with most ‘identifiabl 





3,000 km distant. 


larine litter keeps increasing 


sistemas per kilometre) 


This measure came into force at 


in oceanic ecosystems. Until these ques- 
tions are addressed, we cannot rank 
marine litter relative to other environ- 
mental problems, and thus cannot sen- 
sibly decide how much attention it war- 
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increase in the amount of litter stranded on 
the west side of Inaccessible Island between 
1984 and 1990 (plotted line)* 3 and the 
number of publications on the marine litter 


“problem in the primary scientific literature 
over the same period (histogram, based on a 
| survey hea 55 peas 


‘rants. -Purthet research is required both 
to assess the impact of marine litter and. & 
to sustain efforts to curb its release. — 
-Peter G. Ryan 

-Coleen L. Moloney 

-FitzPatrick Institute, 

-University of Cape Town, 
Rondebosch 7700, 

i ie S _ 

MARPOL Annex V having no dis ai | 
“ble impact on the rate of increase Plas- 
tic articles comprised more than- 80! lo. of : 





: 1. Shomura. R. S. & Godfrey, M-L. (eds) Proc. 2nd int. 


- Conf. Marine Debris, NOAA Tech. Mem. NMFS 154. 
41274 11990}. 


MS 2 Gregory, M. R., Kirk, R. M. & Mabin, M. €. G. N. Z. 
coming from South America, more e than ~ Antare 

4 Rya 
The exponential . increase jn “marine z 
litter throughout the latter half of ‘the Ei 






t: Rec. T 8). 32-47 (1984). 
nvir. Conserv. 44, 341-346 rong 





` Tech. Mem. NMFS 154, 85-102 (1990). 





1980s contrasts with the amount of scien- -pẹ 












tific research on the subject. Numbers ot 
publications addressing the marine litter 
problem peaked in 1987 (see figure). 
coinciding with the decision bringi 
force MARPOL Annex V. The 





decrease in publications may stem from — 
a perception in some quarters. that ahe.: 
threat posed by marine litter ‘has: b eno 


than to research and monitoring. This 






marine litter remains peony unders 












populations, and there has been no stud} 
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ng into” 





e and ingestion a ‘marine 


SIR a 2 Phylduénetic placing of protozoa 


‘that lack mitochondria is crucial in clari- 
-fying the early evolution of eukaryotes’. 

“Most studies relevant to this problem 
resources have been done using small-subunit 
are bener allocated to control meas ives: 


ribosomal. RNA (ss rRNA) sequences” 


- These studies suggest that, among three 
viewpoint is simplistic. The impact of 


protozoa, lacking mitochondria, Giardia 
mblia and Vairimorpha necatrix repre- 





' sent the earliest and the second earliest 
offshoots i in the eukaryotic tree, whereas 
3 Entamoeba histolytica separated from 
of the consequences of greatly i in easing a 
habitat availability for sessile oan a 


higher eukaryotes after Euglena gracilis 


and: Trypanosoma brucei (both with 


otes, again in disagreement with the 
OSS rRNA tree. Although statistically in- 
conclusive, we reconfirmed” their sug- 


“method: 
amino-acid compositions of these highly 


‘conservative: proteins are relatively free 
from the variation of biased base com- 


of conservative proteins such as clonga- 
tion factors, 


Masami Hasegawa 



















mitochondria) diverged. However, we: 
suggested”’ that this tree could be — 
erroneous because G+C content of- 
ss rRNA differs drastically among spe- 
cies, and because this effect has not been 
taken into account in inferring the 
ss rRNA tree. For example, the G+C 
content of G. lamblia is as high as 
74.7%, while those of V. necatrix and È. 
histolytica are as low as 37.7 and 38. 3%. 
From a maximum likelihood*” analy- 
sis of amino-acid sequence data of 
elongation factor læ, we have now 
shown’ that E. histolytica is likely to be 
an outgroup to E. gracilis and higher 
eukaryotes, in disagreement with the 
ss rRNA tree. Furthermore. from a 
parsimony analysis of amino-acid se- 
quence data of DNA-dependent RNA 
polymerase MI, Lanzendorfer el al." 
suggested that G. lamblia may not be an 
outgroup to T. brucei and higher eukary- 


gestion by using the maximum likelihood 


We have further shown that the 


positions of DNA and ss rRNAs (refs 
6,7). From these results, we suggest that 
the ss rRNA tree representing early 
branchings of eukaryotes must be re- 

mined by using amino-acid sequences 





RNA polymerases and a 
ATPases. The ss rRNA sequences have = 


been widely used im clarifying deep 
= branchings in phylogenetics, and they 
‘have provided us with invaluable in- 


formation. Nevertheless, we must be 
careful in using these data. particularly 
when the G+C content differs among 
species’ 
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Plant responses 
to carbon dioxide 


SIR — There have been several reports 
suggesting that non-field-based studiés of 
plant responses to elevated atmospheric 
CO, may be compromised because small 
rooting volumes limit a plant’s ability 
to respond to elevated CO, (refs 1-3). 
This hypothesis calls into question most 
of our present knowledge of vegetation 
responses to elevated CO , and is not 
supported by new evidence (K. D. M. 
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Equal total nutrients 
CO,-induced growth enhancement of Abuti- 
lon theophrasti Medic. (elevated/ambient dry 
mass) as a function of pot size, shape and 
nutrient concentration. a, Total dry mass 
enhancement before fruit maturation; b, 
reproductive dry mass enhancement im- 
mediately after fruit maturation. Pots were 
0.65 | (tall and narrow & short and wide 


pots) or 1.30 | in volume; nutrient concentra- 
tions were 0.5 g i+ or 1.0 g I+ of a. 


balanced N—-P—K fertilizer added to each pot 
every 3 days in sufficient amount to displace 


the soil solution present. Large pots of low 
nutrient concentration and small pots. of high. 
nutrient concentration received -equal total . 
B. and , 


nutrients (K. D. M. McC., G. M 
F. A. B., manuscript submitted). 


McC., G. M. B. and F. A. B., manu- 







- ‘script submitted). e 
ee CO et z atmospheres, : 





reduction in ea is ‘not a 
necessary outcome of root restriction; 
photosynthetic rates: may. increase or not 
change. s 

Arp’ reviewed. published. vales of 
CO,-induced photosynthetic: enhance- 
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ing a highly vascularized pal 
< palate of most. mammals has a 

te supply. including arterial. ; 

1} and a venous plexus™*. In all t : 
- whales the palate contains numerous _ 
et, small blood vessels and nerves associated 
ee, with the formation of baleen that these — 
whales use for filter feeding. This ob- 
servation in rorqual whales- (Balaeno- so 
pteridae) previously led to the specula- 






ment, concluding that non- field-based | 
: studies suffer from root restriction and 


are thus unreliable tests of vegetation 
responses in the field. However, he did 
not examine correlations between the 
photosynthetic rates and aspects of nu- 
trient supply, which can decrease with 
pot size. 

In one of only two studies that directly 
examined the effects of pot size on 
CO, responsiveness, cotton (Gossypium 
hirsutum) grown in small pots had less 
COz induced photosynthetic enhance- 
ment’. CO;-induced growth enhance- 
ment was greatest in small pots, how- 
ever. Leaf starch and sucrose contents 
were unaffected by pot size but were 
greater for high CO,-grown plants in 


both small and large pots. The authors 


did not examine whether reduced nu- 
trient supply, a function of soil volume, 
may have caused or contributed to the 
reduced photosynthesis. 

We have examined. the influence of 
both physical rooting space and soil 
nutrients (K. D. M. McC., G. M. B. and 
F. A. B., manuscript submitted). CO,- 
induced growth and reproductive output 
enhancement are greatest in pots with 
greater nutrient concentrations, regard- 
less of pot volume or total nutrient 
content (see figure). Enhancement of 
reproductive output is greater in plants 
growing in smaller volumes, particularly 
when the nutrient concentration within 
the pot was high. Remarkably, pot shape 
per se also influences growth and repro- 





ductive enhancements. Ta 
These results bear. on the potential 
limitations to CO, enhancement in pot. 
studies in two ways. First, small pots do _ 
not necessarily limit CO, responsiveness; | 









they may not affect it or they may .. 
increase it. Second, CO, responsiveness — 


is dependent on many aspects of growth 
conditions within pots, especially nu- 
trient concentration and the physical 
dimensions of the pot. 

The suggestion that small pots limit 
the CO) responsiveness of plants is com- 
pelling, but not supported, and it is 
premature to abandon decades of non- 
field-based research. Furthermore, 
plants in the field do not have unlimited 
below-ground resources with which to 
maximize growth in a CO,-rich world. It 
would be risky to devise policies based 
on the presumption that the CO, ferti- 
lization effect will be sustained in- 
definitely in natural systems. 
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A palatal rete in the right whale? 


SiR — It has recently been suggested by 


Ford and Kraus’ that the palate of the 


right whale (Eubalaena glacialis) posses- 
ses a previously undescribed vascular 
rete that has a. thermoregulatory func- 
tion. A rete is a specialized complex 


network. of fine arteries and/or veins. 


Ford and Kraus | suggest that right whales 
(Balaenidae) can dump heat by opening 


_ the mouth and allowing. a flow of cold 
water over the hard palate. “We find 


several potential | flaws. With. this. inter- 
pretation. — | a 
The right whale is not unique’ r 










2 
t the palate may function ino > 
tion tha h ee 7 _ 3. Crouch, J.E. Text-Atias of Cat Anatomy (Lea and Febiger, 
4 


thermoregulation’. 
tions of the right whale suggested only. a 


typical baleen whale vascular palate, not 


a unique rete system. We find no mor- 


Our gross observa- 


phological evidence in Ford and Kraus’s 
report that right whales possess a true 


specialized rete. It is also not clear how eek 


mechanoreceptors function directly in 
thermoregulation as proposed by these 
authors. Mechanoreceptors are probably 
involved in detecting water flow through 
the mouth and over the baleen as these 
whales feed. 

Several additional aspects of the mor- 


_ phology and behaviour of right whales 


do not support the hypothesis that the 
palate functions to dump body heat. The 
palate of right whale is long, but ex- 


e tremely narrow. Therefore, the surface 
d area is relatively small, especially when 
compared to other baleen whales. In 
‘addition, the palatal surface would be 
_exposed to a flow of water only when the 
“mouth is open. This occurs as right 
whales engage in skim feeding, 
- Species primarily feeds in higher lati- 


but this 
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tudes and breeds in lower latitudes. 
Therefore they only exhibit a mouth- 
open behaviour when they are in colder 
waters, not in warmer waters when they 
would be more likely to be thermally 
stressed. More work is needed to docu- 
ment all the potential functions of the 
baleen whale palate. 
John E. Heyning 
Section of Birds and Mammals, 
Natural History Museum of 

Los Angeles County 
900 Exposition Bivd, Los Angeles, 
California 90007, USA 
James G. Mead 
Division of Mammals, 
National Museum of Natural History, 
Washington, DC 20560, USA 
Michael M. Bryden 
Department of Veterinary Anatomy, 
University of Sydney, 
New South Wales, 2006, Australia 


Climate and 
cocaine 


Sır — It is difficult to obtain informa- 
tion about the production of clandestine 
crops such as the coca (Etythrozylum 
coca) leaf. We have used production of 
coca leaf in Bolivia as a test of the 
effectiveness of remote climate analysis 
in obtaining such surveillance informa- 
tion. Bolivian coca production provides 
about 40% of the world’s supply of illicit 
cocaine! but is difficult to monitor be- 





Meteorological stations for this study, and the two primary 
coca-producing regions (the Chapare and Yungas regions) 
of Bolivia. 
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cause of the severe restric- 
tions on its sale. 


We studied coca-leaf aeni 
production influenced by 
fluctuations in rainfall at Camiri 
distant Bolivian stations. Charana 
Monthly data (1976-81) 0 a 
of production for one Of Concepcion 
the two coca-producing La Paz 
regions of Bolivia, the La Jota 
Chapare (see figure), were Df a 
correlated with the number purrenabaque 
of days of rain for 15 Bol- Santa Cruz 
ivian stations. We restric- Sucre 
ted study to the high-Sun 13a 

x N ber- Trinidad 
rainy season (Novem Yacuiba 


COCA PRODUCTION AND CLIMATE 





Geographical 

land type Rainfall Rain days 
Transitional —0.59(20)t —0.47(20)* 
Altiplano 0.27(9) —0.70(9)* 
Tropical lowland —0.35(20) —0.36(20) 
Altiplano -0.37(20) —0.46(20)* 
Tropical lowland —0.47(9) ~0.27(9) 
Altiplano —0,55(20)* —0.58(20)7 
Transitional -0.68(14)t -0.77(14)T 
Altiplano -0.70(20)t -—0.54(20)* 
Tropical lowland 0.30(20) 0.06(20) 
Tropical lowland —0.03(19) -0.80(19)T 
Tropical lowland —0.16(20)  -0.72(20)t 
Altiplano —0.57(20)t -—0.70(20)t 
Transitional ~0.41(20) -0.46(20)* 
Tropical lowland —0.02{20) -0.63(20)T 
Transitional —0.27(20) -0.75(20)t 


February) which comprises 
40-50% of the annual coca 
production period’. Our 
monthly coca production 
values were obtained from 
Bolivian government rec- 
ords compiled from the 
checkpoint on the single road to the 
Chapare region? and were standardized 
by month. 

Climate was represented by (1) the 
total monthly rainfall and (2) the num- 
ber of days with rainfall 1 mm or grea- 
ter. As with the coca values, our climate 
data were standardized by month (1961- 
86) as documented in ref. 3 and from 
locally obtained data. 

Although Bolivian monthly rainfall is 
significantly linked to coca production, 
the number of days of rain per month is 
more closely related to Chapare coca 
production (see table). Almost all major 
Bolivian stations demon- 
Strate a strong inverse 
relationship between days 
of rain and coca produc- 
tion. Production decreases 
as the number of rain days 
increases, and this rela- 
tionship is highly signifi- 
cant at seven locations. For 
example, the number of 
rain days at Rurrenabaque 
(approximately 150 km 
from the Chapare) explains 
64% of the variance in 
coca production. 

The relationship is not 
likely to be related to phy- 
siological growth factors. 
We propose that the num- 
ber of rain days constrains 
the harvest by decreasing 
the time available to dry 
the picked coca leaves. In 
general, a two- to three- 
day drying time is needed 
to ensure a good harvest*. 
The greater the number of 
rain days, the fewer leaves 
are produced for market. 

The effectiveness of this 
remote climate relationship 
between the number of 





Correlation coefficients between high-Sun coca produc- 
tion in the Chapare region and two climate variables 
recorded at 15 Bolivian cities. Numbers in parentheses 
refer to the number of available months used to compute 
the coefficient. Asterisk, coefficient significant at a = 0.05; 
dagger, coefficient significant at a = 0.01. 


rain days at various Bolivian cities and 
coca production is explained by the 
geography of the country. Cities where 
rain day totals are strongly linked to 
Chapare coca production are either 
geographically close to the coca- 
producing region (for example, La Jota, 
Trinidad); located in the climate region 
defined by the large transition zone be- 
tween the lowland rainforests and the 
Altiplano region (for example, Santa 
Cruz, Rurrenabaque); or derive their 
precipitation from the same regional 
moisture flow as the coca-producing area 
(for example, La Paz, Sucre). 

Unfortunately, the lack of recent coca 
harvest data’ and on-site climate data 
prevents independent prediction of coca 
production. However, because of the 
strong inverse relationship described 
above, first-order approximations of 
coca production can be achieved by 
remote weather monitoring. In particu- 
lar, the use of modern technology (such 
as satellite imagery) might substitute for 
the scarcity of on-site climate informa- 
tion for such sensitive regions. We sug- 
gest that the study of climate in this way 
may improve the monitoring, prediction 
and perhaps eventual control of the coca 
supply. 


Department of Geography, 
Arizona State University, 
Tempe, 

Arizona 85287-0104, USA 
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Two-dimensional 
crystallization 


SIR — Many people have obtained 
two-dimensional (2D) colloid crystals on 
substrates’ *, but they have observed the 
final results of ordering and have not 
investigated the mechanism of this pro- 
cess. We have directly observed the 
dynamics of 2D array formation of latex 
particles on solid substrate 
by means of optical mi- 
croscopy. Our observa- 
tions suggest a two-stage 
mechanism of 2D crystal- 
lization: (1) Nucleus for- 
mation, governed by at- 
tractive capillary forces ap- 
pearing between particles 
partially immersed in a 
liquid layer"; and (2) Cry- 
stal growth, through con- 
vective particle flux caused by the water 
evaporation from the already ordered 
array. 

A fast and convenient method for 
formation of a 2D protein array on 
a mercury surface has been recently 
developed™?. The good quality of the 
samples thus obtained allowed investiga- 
tion of the protein orientation and struc- 
ture by electron microscopy combined 
with image reconstruction. Highly 
ordered 2D crystals can thus be obtained 
in a controllable way; this technique 
could lead to further development of the 


FIG. 1 Photographs of 2D-crystal growth: a, 
tracks of the particles rushing towards the 
ordered phase; b, at decreased rate of water 
evaporation the velocity of the moving parti- 
cles is lower and the tracks are shorter. 


26 


Water surface 








controlled building up of well-ordered 
protein monolayers and multilayers — a 
possible step towards a future high tech- 
nology at the macromolecular level’. 2D 
arrays on solid substrates can find ap- 
plications in some modern techniques, 
such as data storage, optical devices and 
microelectronics’, 

In our model experiments, we investi- 
gated the mechanism of 2D crystalliza- 
tion using a suspension containing mono- 
disperse particles of 1.70 um diameter. 


Evaporation 
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process driven by the liquid flow. 


This was spread over a horizontal hy- 
drophilic glass plate encircled by a teflon 
ring. The slightly concave layer formed 
gradually thins owing to the water 
evaporation; when its thickness in the 
centre of the substrate becomes equal to 
the particle diameter, a nucleus of 2D 
crystal suddenly forms. The particles in 
the thicker layer encircling the nucleus 
begin to move towards the ordered zone 
and upon reaching the boundary of the 
array they are trapped tn it (Fig. la). In 
some experiments we added 0.2 wt% 
glucose to the suspension and the flux of 
particles became slower (Fig. 1b). 

The nature of the forces governing the 
ordering is revealed by the fact that in all 
experiments the 2D crystallization al- 
ways started when the thickness of the 
water layer became equal to the particle 
diameter. This implies that the 2D- 
crystal nuclei are formed under the capil- 
lary attraction arising when the tops of 
the particles protrude from the water 
layer (Fig. 2). The attraction energy can 
be much larger than the thermal en- 
ergy (kT) even with nanometre-sized 
particles”. 

We were able to show that the crystal 
growth is caused by a convective trans- 
port of particles towards the ordered 
nucleus. This effect appears when men- 
isci (shown bold in Fig. 2) form around 
the protruding tops of the hydrophilic 
particles in the nucleus. These menisci 
hinder the further thinning of the water 
layer in the nucleus. An intensive water 
influx from the thicker parts of the layer, 
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which tends to compensate the water 
evaporation from the nucleus, appears 
next. This flux carries the suspended 
particles towards the nucleus. By de- 
creasing or increasing the water evap- 
oration rate we could speed up or slow 
down the convective particle transport. 
At increased humidity, we saw a com- 
plete arrest of the process of ordering 
and even disintegration of the already 
ordered clusters. 
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Checkpoint check 


SIR — Andrew Murray in his interesting 
and comprehensive Review Article 
(Nature 359, 599-604; 1992) misnames 
the fission-yeast checkpoint genes that 
we have identified (Fig. 3). Our paper 
that is cited in support of the informa- 
tion in fact reported mutants rather than 
genes. These mutants define five new 
checkpoint genes called Aus/—hus5. 
Mutations of any one of the genes pre- 
vent arrest in response to inhibition of 
DNA replication and in addition cause 


increased sensitivity to radiation. Thus it s 


is unlikely that any one of them is 
involved solely in detection of unrepli- 
cated DNA as Murray’s Fig. 3 suggests. 
A full report on our work has appeared 
in Genes and Development (6, 2035- 
2046; 1992). 
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Scientific Correspondence 
Scientific Correspondence is a relatively 
informal section of Nature in which mat- 
ters of general scientific interest, not 
necessarily those arising from papers 
appearing in Nature, are published. Be- 


cause there is space to print only a small 
proportion of the letters received, priority 
is usually given according to general 
interest and topicality, to contributions of 
fewer than 500 words, and to contribu- 
tions using simple language. 
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Ada, the Enchantress of Numbers: 


Daughter and Her Description of the First 
Toole. Strawberry (Critical Connection, PO 


A Selection from the Letters of Lord Byron's 


Computer. Edited by Betty Alexandra 
Box 452, Sausalito, CA 94966, USA): 


1992. Pp. 439. $29.95, £24.99. (Distributed in the UK by Pickering and Chatto.) 
ee 


CHILDE Harold's Pilgrimage was the 
poem that made Byron famous. His 
continuation of it in 1816 began with a 
reference to his daughter, Ada, born the 
year before: 


Is thy face like thy mother’s, my fair child! 
Ada! sole daughter of my house and 
heart? 


Byron was not to learn much about his 
daughter. His wife, whom he charac- 
terized as the “Mathematical Medea”, 
separated from him, and he departed to 
Italy. Lady Byron determined that their 
daughter should follow her interests, not 
his — to the extent that William Frend, 
who was Lady Byron’s tutor and became 
Ada’s, warned her against over- 
pressurizing the child, Frend was well- 
acquainted with the leading English 
mathematicians, so it is not surprising 
that Ada in her teens encountered 
Charles Babbage It is for her friendship 
with him that she is remembered by 
historians of science. 

Ada met Babbage in 1833, at a time 
when his difference engine was well- 
advanced, and she was soon invited to 
inspect it. Her interest in Babbage then 
waned for some years while she married 
and had a family. In the early 1840s, by 
which time she had become Countess of 
Lovelace, it waxed again. Babbage had 
by now moved on from the difference 
engine to the analytical engine. He en- 
couraged Ada to translate an article 
about it from the French and to add her 
own extensive notes. The result has 
become an important source of infor- 
mation on Babbage’s computer. It was 
the high point of Ada’s contribution. 
Her health subsequently deteriorated 
and she died at an early age in 1852. 

How historically important was Lady 
Lovelace? More especially, how scien- 
tifically important was she? Does she 
merit a volume of collected letters? She 
was certainly intelligent and the posses- 
sor of a lively mind. But reaching a just 
estimate of her abilities is made difficult 
by her own very high opinion of herself. 
For example, she reports to her mother 
that: “Faraday expresses himself in abso- 
lute amazement at what he (I think most 
happily and beautifully) designates the 
‘elasticity of my intellect’.” Although she 
then comments on Faraday’s modesty, 
she concludes: “I may be the Deborah, 
the Elijah of Science”. 
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The same faith in her own abilities 
shines through her correspondence with 
Babbage about the article on the ana- 
lytical engine: “I wish you were as accu- 
rate, and as much to be relied on, as I 
am myself... . I hope you do not take 
upon yourself to alter any of my correc- 
tions”. This seems a rather cavalier way 
of writing to an eminent scientist, 25 
years her senior, about one of his inven- 
tions. The surprise is not that the iras- 
cible Babbage finally exploded, but that 
it took him so long to do so. Ada 
thought all the blame was his: “I am 
sorry to have to come to the conclusion 
that he is one of the most impracticable, 
selfish, and intemperate persons one can 
have to do with... . He was furious; I 
imperturbable and unmoved”. 

It is difficult to obtain a balanced view 
of Ada from the selection in this book, 
because it includes only letters from her, 
not to her. The editing is also sometimes 
less than helpful. For example, it seems 
rather odd to be told: “I have deleted all 
mathematical formulas, except in Ada’s 
notes, because Ada’s mathematical cor- 
respondence represents what she did not 
know, not what she knew”. Doubtless 
















DUUN ME. VI a 


the omissions make little difference, but 
they reflect the defensive attitude of the 
editor. She clearly wishes to press the 
claims of Lady Lovelace as a significant 
thinker. This can lead to some rather 
Whiggish history, as, for example, in the 
explanations as to why it is especially 
appropriate for Ada to have a program- 
ming language named after her. More to 
the point, there is little evidence from 
Ada’s letters that she would have suc- 
cessfully pioneered new developments in 
science had she lived longer. Her ideas 
on what she hoped to do were set down 
in a letter written not long before her 
final illness removed her motivation: 


I have my hopes, and very distinct ones 
too, of one day getting cerebral phe- 
nomena such that I can put them into 
mathematical equations; in short a law or 
laws, for the mutual actions of the mol- 
ecules of brain; (equivalent to the law of 
gravitation for the planetary and sideral 
world). 


Scientific knowledge of the brain re- 
mained at a low level throughout the 
nineteenth century. General laws, cer- 
tainly laws on a par with those deduced 
by Newton, would have been well 
beyond the scope of a nineteenth- 
century scientist. Ada, had she con- 
tinued her work, must either have 
changed direction or failed to make 
much progress. 

This leads back to the original ques- 
tion of Ada’s historical status. In terms 
of what she did in science, Lady Love- 
lace hardly ranks on a par with her 
contemporary, Mrs Somerville (whom 
she knew and admired). Nor do her 








Flights of fancy — the short-winged 
grasshopper Calliptamus (left) and the 
spider-hunting wasp Sceliphron 
destillatorium, taken from John 
Brackenbury's Insects in Flight (Cassell, 
£18.99). This informative book contains 
over 200 of the author's striking colour _ 
photographs, which reveal the intricate 
and diverse techniques of flight used by | 
moths, butterflies and other insects. | 
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letters suggest that, given a few years 
more, she would have contributed to 
new, major breakthroughs. Of the let- 
ters selected for publication here, no 
more than a quarter will interest his- 
torians of science, and they add little to 
the picture painted some 15 years ago 
by Doris Moore in her biography of 
Lady Lovelace. Where the interest 
may lie is in the light that the letters 
throw on the problems of Byron’s family 
conclusion that would have 
thoroughly annoyed Ada Herself. a 


e oa 


Jack Meadows is in the Department 
of Information and Library Studies, 
Loughborough University, Loughborough, 
Leicestershire LE11 3TU, UK. 
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Tim Lincoln 


The Pill, Pygmy Chimps, and Degas’ 
Horse: The Remarkable Autobiography 
of the Award-Winning Scientist Who 
Synthesized the Birth Control Pill. By 
Carl Djerassi. Basic Books: 1992. Pp. 
319. $25. 


ALONGSIDE the me-too title and the 
subtitle (half an essay in itself), a stern 
Carl Djerassi looks out from the dust 
jacket of his autobiography. On the 
back, Stephen Jay Gould all but calls 
Djerassi a Renaissance man, and Linus 
Pauling says he neglected his work for a 
couple of days because he found the 
book so compelling. Who can disagree? 
Djerassi has lived a life well worth the 
telling. Here he does so deftly, throwing 
in some soul searching about the dark 
corners of his personal life and commen- 
tary on science, universities and the 
American Way in the process. 

The title is an echo of those favoured 
by Gould in his popular works. It is 
intended to hint at Djerassi’s impressive 
range of activities and achievements. 
‘Pygmy chimps’ reflects his involvement 
in a quest for a good animal model in 
biomedical research (which met with 
mixed fortunes), and ‘Degas’ horse’ his 
growing interest in the arts, in later life, 
as poet, novelist and patron. On this 
second count he writes of his collection 
of Paul Klees and of his establishment 
of the Djerassi Foundation, an artist’s 
colony, and mentions in passing his 
fondness for opera and (with becoming 
modesty) his splendid, racy novel Cantor's 
Dilemma. He also lets on that he has an 
aversion to paying import duty. 

These stories, and the unexceptional 
traveller's tales, are all well and good. 
But it is Djerassi’s incarnations as an 
organic chemist with entrepreneurial 
leanings and as a Jewish immigrant to 
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the United States from Europe that give 
his book its especial attraction and claim 
on a wide audience. 

In 1939, aged 16, Djerassi stepped on 
a liner at Genoa, saying goodbye to a 
Vienna overrun by the Nazis and then 
hello to the United States. The two seem 
to have been made for each other. The 
United States offered the young Djerassi 
an education in chemistry and unlimited 
opportunities; Djerassi offered energy, 
ambition and a certain refusal to be 
constrained by norms. The upshot — 
told in the best two 
chapters, cleverly part di- 
dactic on steroid chemistry 


and part thriller — was 
the synthesis first of cor- 
tisone then of 19-nor- 


17a-ethynyltestosterone 
(norethindrone), a highly 
active inhibitor of ovu- 
lation when taken orally. 
That was the birth of the 
Pill, at Syntex in Mexico 
City on 15 October 1951, 
and rumination on the 
consequences for Djerassi, 
not to mention for women, 
takes up much of the rest 
of the book. 

This is mostly sobering 
stuff. At the centre of the 
book is horror at the 
decline of pharmaceutical 
research into control of 
fertility and contained 
fury over the issue of abor- 
tion. And there are, for 
instance, the differences 
of opinion with women’s 
groups (with which, it has 
to be said, Djerassi has 
considerable empathy) and 
with regulatory bodies such 
as the Food and Drug 
Administration and the 
Environmental Protection Agency (EPA). 
The following quotation comes in a dif- 
ferent context, the testing of a synthetic 
insect-growth regulator for mosquito 
control. But it gives a taste of research 
later in Dyerassi’s career, and I find 
it irresistible: 


.., by the time we finally received EPA 
approval for field applications, ALTO- 
SID’s lack of toxicity had been demon- 
strated in water fleas, protozoa, copepods, 
sideswimmers, aquatic earthworms, mud- 
worms, leeches, tadpoles, and snails; in 
mosquito fish, bluegill, trout, channel cat- 
fish, cono salmon, carp, and stickleback; 
in crustaceans like seashore crabs, blue 
crabs. mud crabs, crayfish, acorn barna- 
cles, and various species of shrimp. By 
that time we didn’t have to be asked about 
oysters; we threw them in voluntarily. 


As things turned out, the main (and 
considerable) pay-off of this line of work 
came from anti-flea and anti-cockroach 





formulations. 

Djerassi’ later life revolves around 
Stanford, the university and nearby 
research-and-development community, 
and an enthusiasm for sniffing out re- 
search opportunities in business. Most, 
but not all, were to do with pest control, 
and not all were successful (the account 
of a doomed foray into film making, 
from earlier times, is a hoot). 

It’s all urbanely done, by and large, 
with the single note of personal bitter- 
ness being reserved for his mother, of all 


Cari Djerassi — from clean-cut chemist to bearded bard. 


people. There is too a nice line in 
self-deprecation woven through the 
book. What isn’t clear is what Djerassi’s 
subordinates have made of him. He says 
he hung up his lab coat in 1952; is he a 
tyrant of the research group, a fixer or a 
mentor? Also not clear is why he didn't 
take the step into the ranks of the truly 
Good and Great (which is not to say he 
hasn't had his honours and influence in 
policy making and such). He himself 
points out that in American academic 
circles he has remained mostly an out- 
sider. Too much the maverick maybe. 
Perhaps I inhabit overly parochial 
social circles, but I find that a common 
response to mention of Djerassi’s name 
is “Carl who?”. This remarkable auto- 
biography of a remarkable man should 
put an end to that sad state of affairs. O 


Tim Lincoin is News and Views editor of 
Nature. 


From the cover of The Pill, Pygmy Chimps, and Degas’ Horse 
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Economics: Mathematical Politics or 

- Science of Diminishing Returns? By 

~~ Alexander Rosenberg. University of 

Chicago Press: 1992. Pp. 266. $37.50, 
£25.95. 





It has often been said that economics 1s 


either the hardest of the soft sciences or 
the softest of the hard sciences. In this 
provocative and important work, Alex- 
ander Rosenberg, professor of philos- 
ophy at the University of California, 


Riverside, claims that it is neither, for 
-the simple reason that by whatever 
criteria you use to label an area ‘scien- 
_ tific’, economics fails to measure up. 
~ How is one to judge whether econ- 
comics, or any other field of study for 
that matter, is in any way scientific. in its 

- goals and methods? According to Rosen- 

berg, one litmus test for the scientific is 

that a genuine science improves the 

. predictive powers of its theories over 

time. Economics has failed dramatically 
by this standard, being limited to generic 

- predictions of the sort exemplified by the 
statement made in 1989 by the invest- 
ment house Drexel, Burnham, Lambert: 
“There are several alternative outcomes 
which are possible for the US economy 
in 1990”. Rosenberg attributes a large 
part of the failure of economics to im- 
prove its predictive powers to the fact 
that the explanatory variables of folk 
psychology — beliefs, desires and prefer- 
ences — that economists build their 
theories on “cannot be linked up with 
the rest of science. They cannot even be 
realized, exemplified, or instantiated by 
the brain in theoretically tractable 
ways.” So if economics is not a natural 
science, what is it? 

Perhaps it is a biological science. Pur- 
suing this possibility, Rosenberg ex- 

amines the biologically motivated theory 

of consumer behaviour advocated by 
= Gary Becker, a theory that contributed 
= greatly to Becker’s winning this year’s 
` Nobel prize in economics. This theory 
draws parallels between an individual’s 

- economic needs and evolutionary biol- 
< ogy, arguing that by focusing on popula- 

© tions rather than individuals, it is indeed 
~ possible to make meaningful predictions 

- about aggregates such as market demand 
and supply. Sad to say, Rosenberg con- 

cludes that treating the theory of rational 
choice as a theory about biological sys- 
tems holds out little hope of providing a 
useful line of development for economic 
theory. 

‘As a final possibility, Rosenberg asks 
if economics is not an empirical science, 
then perhaps we should regard it as a 
branch of applied mathematics. Indeed, 
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both the defenders and detractors of 
economic theory have found its intellec- 
tual core in its mathematical expression. 
The central aspect of the ‘mathematiza- 
tion’ of economics is, Rosenberg claims, 
the identification of the intentionality of 
economic agents with the equilibria of, 
for example, a utility function. 
Euclidean geometry was once styled 
the ‘science of space’, but calling it a 
science did not make it one. Drawing 
parallels between the development of 
economics as a mathematical activity and 
the development of geometry, the au- 


thor notes that while we can certainly 
-call economics the science of the dis- 


tribution of scarce resources, this appela- 
tion again does not make it a science. 
Economists, like geometers, have 
blithely carried on their business of 
proving theorems without giving much 
thought to the issue of the cognitive sta- 
tus of economic theory. And the assump- 
tions underlying the theorems of both 
euclidean geometry and neoclassical 
mathematical economics seem to rest 


on the same shaky ground. In this sense, 


the parallel postulate of Euclid and 
the assumption of economic rationality 
are of a kind. Rosenberg finally con- 
cludes that thinking of economics as 
mathematics enables us to explain a 
wide variety of the failings of economic 
theory to match up to economic facts. 
The bottom line of Rosenberg’s thesis 


Michael Neve 





The Volcano Lover: A Romance. By 
Susan Sontag. Farrar, Straus and 
GirouxJonathan Cape: Pp.419. $22, 
£14.99. 





THIS story centres on a famous ménage å 
trois of the late Enlightenment, the rela- 
tionship between the British ambassador 


to Naples, Sir William Hamilton, a Fel- 


low of the Royal Society, admirer of 
volcanoes and a dealer in paintings and 
Greek vases; Emma Lyon, the one time 
prostitute who became his mistress and 
his second wife; and Horatio Nelson, the 
naval hero and victim of Trafalgar. A 
great deal of Sontag’s interest centres on 
the varieties of ways in which this trio 
and other characters observe the world 
and are observed in their turn. They 
observe Vesuvius, which constantly 


threatens eruptions that can both terrify 
and fascinate. Hamilton, more than 30 
-years older than Emma, and a man who 


had started collecting art objects in early 
life through an unhappy first marriage and 
an incapacity to get involved, is seen as a 
connoisseur of ruins. He is not looking, 
but looking away. This also allows him 





is that. the best way to think of econ- — 
omics is not as a science, but rather as a 
combination of political philosophy and 
applied mathematics (with emphasis on 
the mathematics). Given the central role 

that economics seems to play in arriving 
at public policy decisions, this should be 
a sobering conclusion for all of us. This 
well argued and researched book should 
therefore be read by politicians, govern- 
ment mandarins and, more generally, 
the concerned lay public. But unfortu- 
nately its resolutely academic tone and 
rather dry literary style are unlikely to 
attract the attention of those for whom 
its message would do the most good. 
Perhaps some day someone somewhere 
will translate Rosenberg’s arguments 
into plain everyday English and publish 
them in a form accessible to everyone. 
In the meantime, we can hope that 
intellectual osmosis will work its magic 
and Rosenberg’ s important message that 
economics is not and never can be a 
science will make its way from the 
rarefied halls of academia to the smoke- 
filled backrooms of Washington, Wall 
Street and Whitehall. g 


John L. Casti is at the institute for 
Econometrics, Operations Research and 
System Theory, Technical University of 
Vienna, Vienna, Austria, and the 
Santa Fe Institute, Santa Fe, New Mexico 
87501, USA. 
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to look at Vesuvius, but from a distance. 
When he meets his future wife Emma, 
he is physically excited by her but also 
has to add her to his art collection, 
putting her in different classical post- 
ures, such as that of Dido or Ariadne. 
Into the emptiness that sustains Hamil- 
ton’s need to make living bodies into 
statues arrives the figure of Nelson. As a 
result, seven years after marrying Hamil- 
ton in 1791, Emma turns the connoisseur 
and diplomat into a kindly-regarded 
cuckold. The relationship between 
Emma and Nelson in its turn migrates 
into a form of gothic romance before 
Nelson assists in the destruction of 
Neapolitan republicanism and eventually 
dies heroically at Trafalgar. A portrait of 
modern Europe has been painted by 
looking at the lives of this trio. S 

Sontag’s excursion into the world of ~ 
the historical novel has aroused con- 
siderable interest, since she tells a stor 
ostensibly set in Naples in the e | 
century while managing to. 
comments on the modern worl 
clearly her own. Part of the 
therefore, lies in trying to work 
she is up to. What is the 
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reflections on psychology, or the current 
state of New York streets, set in the 
historical context of the Bay of Naples in 
1772? A great deal of one’s sense of the 
success or failure of this book depends 
on one’s answer to this question. If one 
feels preached at in the reflective pas- 
sages, the book begins to lose its hold, 
especially if the lectures on, say, the 
nature of credibility or pleasure, or the 
effects of distance on one’s appreciation 
of objects, seem facile. On the other 
hand, these interruptions of the modern 
voice often work wittily and engagingly, 
helping the book, in the best sense, to 
become a collectors item in itself, 
perhaps a picture from the past. Or, 
most ambitiously, an echo of that other 
late-eighteenth-century glimpse of the 
Bay of Naples, Mozart’s Cosi fan tutte. 
Indeed, the theme of amorality, cynicism 
and fickleness is not one that this 
allegedly élitist and obscure writer 
makes difficult to grasp. In musical 
terms, one might even describe the sub- 
ject of the book as a question of vocal 
emphasis: the volcano lover or the volca- 
no lover? 

The musical allusions are completed at 

the end of the novel with four mono- 
logues by women whose lives had inter- 
locked with Hamilton’s. The last of these 
is the Neapolitan revolutionary Eleonara 
de Fonseca Pimental, Portuguese by 
birth and an eventual convert to republi- 
canism. She loses her life in the cause of 
anti-élitist politics but not before the 
book gives her its last words: “. 
I cannot forgive those who did not 
care about more than their own glory 
or well-being. They thought they were 
civilized. They were despicable. Damn 
them ail.” 

Many readers will find the varieties of 
tone and of aesthetic judgement in this 
novel annoying, and no doubt further 
proof of the author’s personal need to 
show off and be obscure. But few au- 
thors are as accustomed to such accusa- 
tions as Sontag. By bravely carrying on 
regardless, and by drawing on a remark- 
able geological, sexual and political 


story, she has answered back. She de- 


scribes a necessary tragedy with an anti- 
quarian’s touch of gallows humour: 
throughout, we know that the volcano 
can stay dormant, allowing us to admire 
it, or explode, when we must run or be 
buried. The operatic intelligence that 
keeps this novel alive allowed this reader 
at least to hear the unmistakable sound 
of Maria Callas between the lines: she 
is never mentioned, but part of Sontag’s 
purpose in introducing scenes from. Puc- 
cini’s Tosca is to hint at her reader’s 
knowledge and let music do the rest. O 


Michael Neve is at the Wellcome Institute 
for the History of Medicine, 183 Euston 
Road, London NW1 2BE, UK. 
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The Search for the Gene. By Bruce 
Wallace. Cornell University Press: 
1992. Pp. 224. $34.95 (hbk), $12.95 
(pbk). 





I AM fond of saying that inside every fat 
book there is a thin one screaming to get 
out. This book is an exception — it is a 
thin book, but, defying logic, there is a 
fat one inside screaming to get out. 

Bruce Wallace provides us with a 
highly personal, highly selective and — 
dare I say it — highly quirky survey of 
the search for the gene. He examines 
some of the more obscure and dusty 
byways of the history of genetics at great 
length, often with considerable insight 
and humour. But the book leaves out so 
much that the reader looks in vain for its 
shadow companion, the fat book that 
might have been. Bits of the fat book 
actually appear here and there, in the 
form of boxes that deal in more depth 
with various topics and together are 
almost as long as the main text. 

The author begins with a quick look at 
the world of agriculture and of plant and 
animal breeding before. Mendel, and 
quotes Haldane’s comment that there 
was probably very little conscious selec- 
tion going on during the appearance of 
domesticated crops — that selection for 
the most fertile seeds would have hap- 
pened largely automatically. Then, two 
pages later, he points out that farmers 
must have been very observant to find 
the first few plants of the various strains 
of wheat that produce hard and soft 
flours. The reader expects him to pick a 
fight with Haldane, which would be easy 
enough, but instead he moves on. 

A few pages further, tyro readers will 
be bewildered by an extended discussion 
of Boveri’s important work on dispermy 
in sea-urchin eggs, which showed as 


early as 1902 that each chromosome is 
essential for development. It would have 
been a good deal clearer if the difference 
between three-poled and four-poled di- 
spermic eggs had been explained at the 
outset, but without this foundation I 
expect most readers will soon. be lost. 
Much later, Wallace takes the reader 
through an interesting history of how the 
genetic code was worked out. He quite 
properly emphasizes something that is 
usually glossed over: that by 1963 most 
of the code had been worked out by 
clever use of artificial oligomers of 
RNA. But he does not mention the 
beautiful demonstration by Crick, 
Barnett, Brenner and Watts-Tobin, 
done at the start of the search for the 
code, that the code must be read in 
threes or, less probably, in multiples of 
three. Nor does he discuss the work by 
Nierenberg, Leder and others that rapid- 
ly and elegantly clinched the identity of 
all the codons and essentially established 


the code almost overnight. The story% 


is disconcertingly incomplete, empha- 
sizing things that are usually left out and 
leaving out things that are usually 
emphasized. 

The audience for the book is not clear. 
It might be read by undergraduates with 
a little spare time (though I haven’t met 
any of those for quite some time) who 
are taking a genetics course and want to 
explore some of the background to what 
is certainly one of the most exciting 


‘scientific stories of our century. Readers 


who do have that background will cer- 
tainly stumble on things they did not 
know, and will enjoy Wallace's re- 
freshing approach to things we take for 
granted. The book is really an old- 


fashioned ramble rather than a tightly 
organized history, and should have been 
-presented as such. a 


Christopher Wills is in the Department of 


Biology, University of California, San 


‘Diego, La Jolla, California 92093-0116, 


USA. 
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P Long-term potentiation of synaptic transmission in the hippocampus is the primary experimental 

investigating the synaptic basis of learning and memory in vertebrates. The best understood form of long-term 
potentiation is induced by the activation of the N-methyl-p-aspartate receptor complex. This subtype of glutamate 
receptor endows long-term potentiation with Hebbian characteristics, and allows electrical events at the 
postsynaptic membrane to be ` transduced into chemical signals which, in turn, are thought to activate both 
pre- and postsynaptic mechanisms to generate a persistent increase in synaptic strength. 





THE assumption that morato is . ‘stored in the brain as 
_ changes in synaptic efficiency emerged about a century ago 
j following the demonstration by Cajal that networks of neurons 

are not in cytoplasmic continuity but communicate with each 

other at the specialized junctions which Sherrington called 
synapses, External events are represented i in the brain as spatio- 
temporal patterns of neural activity, and it is these patterns of 
activity which must themselves be the agents of synaptic change. 
The location of storage, the engram of learning and memory, 
must therefore be found among those synapses which support 
activity- -dependent changes in synaptic efficiency. These ideas 
were refined in the late 1940s by Hebb’ and Konorski*, who 
proposed a coincidence-detection rule in which the synapse 
linking two cells is strengthened if the cells are active at the 
same time. The first such synapses to be identified in the mam- 
malian brain were the excitatory connections made by perforant 
path fibres onto granule cells of the hippocampus, a cortical 
structure required for the formation of conscious memories in 
man. Brief trains of high-frequency s stimulation to monosynaptic 
excitatory pathways i in the. hippocampus cause an abrupt and 
sustained increase in the efficiency of synaptic transmission. 

This effect, first described in detail in1973°*, is called long-term 

potentiation (LTP). LTP has since been. found i in all excitatory 

pathways i in the hippocampus, as well as in several other regions 

in the brain, and there is growing’ evidence that it underlies at 
ast certain forms of memory”. In the past 10 years, LTP in 
“the hippocampus has become the dominant model of activity- 

dependent synaptic plasticity i in the mammalian brain, and much 

progress has been made in elucidating the mechanisms under- 
| lying its induction and expression. 








P Properties of hippocampal LTP 
< Activity- dependent synaptic potentiation occurs within. mil- 
= liseconds and can persist for many hours in the anaesthetised 
-animal or in the in vitro hippocampal slice preparatior „and for 
<. days when induced in the freely moving animal. This time span 
incorporates a number of mechanistically distinct temporal com- 
ponents, which include post-tetanic potentiation (PTP), short- 
term potentiation (STP) and LTP. Activity-dependent potenti- 
ation can also be classified on the basis of whether or not its 
induction is blocked by antagonists of the N-methyl-D-aspartate 
(NMDA) subtype of glutamate receptor (Box 1). In this article, 
_ by LTP we mean synaptic potentiation, which is both NMDA 

receptor-dependent and lasts for more than an hour. 

LTP is expressed as a persistent increase in the size of the 
‘synaptic component of the evoked resp nse, ‘recorded from 
individual cells or from populations of neurons. It can be 
induced in a number of ways, most con ntly by delivering 
a tetanus (typically a train of 50- 100 stimuli at 100 Hz or more) 
to the pathway of interest (Fig. 1). LTP can also be induced by 
i more. modest stimulus parameters; providing the patterns of 
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stimulation fall within certain critical ranges. (Two particularly 
efficient recipes are termed ‘theta-burst stimulation’ (for 
example, several bursts of 4 shocks at 100 Hz delivered at an 
interburst interval of 200 ms) and ‘primed-burst stimulation” 
(for example, a single priming stimulus followed at 200 ms by 
a single burst of 4 shocks at 100 Hz). The significance of these 
protocols is that synchronized. firing patterns at similar frequen- 
cies occur in the hippocampus during learning’.} 

LTP is characterized by three basic properties: cooperativity, 
associativity and input-specificity. Cooperativity describes the 
existence of an intensity threshold for induction; ‘weak’ tetani, 
activating relatively few afferent fibres, do not trigger LTP". 
The threshold for inducing LTP is a complex function of the 
intensity and pattern of tetanic stimulation, between ‘weak’ 
trains which produce only PTP and ‘strong’ trains which induce 
LTP, lies an intermediate range of activation which engages 
STP!!! LTP is associative in the sense that a ‘weak’ input can 
be potentiated if it is active at the same time as a strong tetanus 
to a separate but convergent input'*'*. Finally, LTP is input- 
specific, because other inputs that are not active at the time of 
the tetanus do not share in the potentiation induced in the 
tetanized pathway'*'°. Associativity provides a cellular 
analogue of classical conditioning, and is an implicit property 
of the Hebb synapse, the computing element that hes at the 
heart of the current interest in neural computation. The three 
properties can be explained on the assumption that a synapse 
will be potentiated if, and only if, it is active at a time when 
the region of dendrite on which it terminates is sufficiently 
depolarized. Validation of this induction rule was provided in 
1986 by experiments showing that low-frequency (1 Hz), low- 
intensity stimuli could produce robust LTP if repeatedly paired 
with depolarizing pulses delivered through an intracellular 
recording electrode", In the limit, LTP can be produced in 
this way between pairs of synaptically coupled neurons’’, Con- 
versely, the induction of LTP can be blocked by limiting the 
depolarization of the cell during a tetanus ®”., 

What is now needed to complete a mechanistic description 
of the induction requirements for associative LTP is a molecular 
coincidence detector, able to respond to the conjunction of — 
activity in afferent fibres and adequate depolarization in target — 
dendrites. Compelling evidence that the NMDA receptor 
performs this function is reviewed in the next section. 


The induction of LTP E 
The role of amino-acid receptors in the induction of LTP. The 
involvement of several amino-acid receptor subtyp 
induction of LTP has been determined largely by the 
antagonists and is described in Box 2. The key role of the NMDA. 
receptor channel complex relies on several of its special ; roy er- 
a in particular the voltage-dependent block of its. channel by _ 

* (ref. 21). It is this that allows the NMDA receptor to 











































FIG. 1 Basic properties. “of LTP: cooperativity, E eb a oe 

input-specificity and associativity. a Simplified Se SN ee - 
diagram of a transverse section through the 
hippocampus of the rat, showing the principal 
neuronal fields (granule cells of the dentate 

_ gyrus (DG) and the pyramidal cells of areas CA3 
and CA1), and the main excitatory afferent pro- 

: jections (the perforant path (pp) from entorhinal 

- cortex to granule cells, the mossy fibre projection 
~ {mf} from granule cells to CA3 cells, and the 
Schaffer collateral (Sch)-commissural (comm) 

_ system which connects ipsilateral and contra- 

_ lateral CA3 cells to CA1 cells). interneurons, 
which are found in alt hippocampal subfields and 
which form powerful inhibitory connections with 
principal cells though feed-forward and feed- 
back loops, have been omitted, b, An example 
of LTP in the perforant pathway recorded in vivo. b 
The graph plots the slope of the rising phase of 
the evoked response (population e.p.s.p.), recor- 


e.p.s.p. potentiation, S1 (%) 


on 
O 


















ded from the cell body region in response to ce 100 
constant test stimuli, for 1h before and 3h x 7 
following a tetanus (250 Hz, 200 ms), delivered Nn E 
at the time indicated by the arrow. Representa- Q E N 
tive traces before and after the induction of LTP £4 6 50 

are illustrated above the graph. Note the 5 © 

-increase in slope of the population e.p.s.p. and a E 
the increase in size of the superimposed popula- E 5 
tion spike (downward deflection). €, Demonstra- = > 0 
tion of the properties of cooperativity, input Q. a 
specificity and associativity. The diagram at the a a 
top shows the experimental arrangement in area a a Bp 
CA1 of the hippocampal slice preparation. Two a -§ ane Ts z i 
independent sets of afferent fibres converging 0 1 2 3 ons 4 
on a common population of cells are activated Time (h) 
by stimulating electrodes {S1 and $2) placed | 
either side of the extracellular recording electrode. The stimulus intensities filled arrow) produced PTP and robust LTP, but there was no transfer of the 
are adjusted so that S1 activates fewer fibres than S2. The slope of the — effect to the first input (test shocks to S1 were out of phase with the 
population e.p.s.p.s, in response to stimuli delivered alternately to $1. and high-frequency bursts to S2), demonstrating the input-specificity of LTP. 
S2 at 15-s intervals, are plotted as a function of time. Arrows denote Finally, tetani to S1 and 52 were- delivered together. The coincident activation 
episodes of tetanic stimulation to S1 (the ‘weak’ pathway, open arrows) or of a weak, subthreshold input with a strong input induced associative LTP 
$2 (the ‘strong’ pathway, solid arrows). The tetanus to S1 produced a rapidly in the weak input. The traces above. the graph illustrate field e.p.s.ps, evoked 
decaying phase of PTP, lasting 2-3 min, with a smali tail of STP, but no by test shocks in S1-and recorded: in the synaptic layer, before and after 
Stable increase in synaptic transmission; the intensity of the tetanus was the induction of associative LTP. | 
below the cooperativity threshold for LTP. The stronger tetanus to S2 (first . 


behave as a molecular coincidence detector.. For the. NMDA ‘helper’ inputs could use any neurotransmitter that Sonas 
channel to open, and thus to trigger the induction of LTP, it is depolarization, and, experimentally, depolarization i is often pro- 
necessary for two events to occur simultaneously: the membrane © vided by injecting current into the cell. Input-specificity is 
must be sufficiently depolarized to expel Mg** from. NMDA | explained by the need for the presynaptic terminal to provide 
channels at the same time that L-glutamate has, by binding to a sufficient concentration of i-glutamate to activate adequate 
NMDA receptors, promoted their opening. The slow time course ~ numbers of NMDA receptors. (It follows that there can be little 
and voltage-dependence of the NMDA receptor-mediated con- vation of NMDA receptors by ambient or spontaneously 
-ductance makes it particularly sus ceptible tothe hyperpolarizing eased L-glutamate, otherwise LTP would be induced by 
influence of synaptic inhibition”: this. susceptibility, together. depo izatio edge 

with the frequency-dependent depression of inhibition itself, -Bec 
largely accounts. for the frequency: dependence of the induction ted: 
of LTP”, ui ae 
The properties of ‘cooperativity, associativity and ing 




















Dok site ise. peA A 7. -chlorokynurenic 
ir that activation of these receptors is an essential 
ger f process. But, the application of NMDA itself is 
“usually, sufficient to induce LTP, though it readily induces 
hes A A poselole z reason for this relates t to the So 









ae iay a. ‘few fibres, fail to "induce LTP not because 

“insufficient L-glutamate is released to activate NMDA receptors, 

but because the level of depolarization provided by the weak 

input does not produce an adequate reduction of the Mg** - Whig 

‘block. When many fibres are activated in synchrony by a ‘strong’. A | 

_ stimulus, depolarization spreads between neighbouring synap-. 
ses to enhance the unblocking of NMDA channels. Associativity 

_ has asimilar explanation except that the required depolarization 

-iş provided by a different set of afferent fibres; in theory, these 


e 


















= 


REVIEW ARTICLE 


SE ce RS L LL 


may be required to facilitate or allow the induction of LTP. In 
this respect, there has been interest in the possible role of 
metabotropic glutamate receptors (mGluRs), prompted by the 
observation that the mGluR antagonists 2-amino-4-phos- 
‘phonobutanoate (AP4) and 2-amino-3-phosphonopropionate 
(AP3) reduce the duration of LTP*'”*. These compounds are, 
however, very weak mGluR antagonists of poorly defined 
specificity, and the observation will need to be confirmed as 
soon as more potent and selective mGluR antagonists are 
developed. A second indication that these receptors might be 
involved in the induction of LTP has come from the finding 
that aminocylopentane dicarboxylate (ACPD), the 1S,3R-enan- 
tiomer of which is a specific agonist for mGluRs, can augment 
tetanus-induced potentiation®®. In addition, ACPD enables sub- 
threshold**, or low-frequency stimuli (in conjunction with the 
application of NMDA)”, to induce LTP. It does this in at least 
two ways. First, ACPD augments responses of hippocampal 
neurons to NMDA™. Second, it can elicit an NMDA receptor- 
independent potentiation of slow onset which adds to STP to 
produce a potentiation that closely resembles tetanus-induced 
LTP”. 
The role of Ca** in the induction of LTP. In an important early 
study, it was found that the induction of LTP could be blocked 
by the intracellular injection of the Ca?* chelator EGTA”. This 
result implicated the postsynaptic cell, and in particular Cat? 
signalling in the induction process. Because NMDA channels 
are permeable to Ca?* (refs 21, 38, 39) it is widely assumed, 
but not proven, that permeation through these channels during 
tetanic stimulation provides the Ca** signal necessary for the 
induction of LTP. Because NMDA receptors are assumed to be 
located on dendritic spines, it is believed that spines may act 
to localize the Ca** signal. Spines can restrict the diffusion of 
Ca** (ref. 40); however, whether they do so in LTP is not known. 
Using Ca**-imaging techniques it has been shown that tetanic 
stimulation elevates Ca** within dendrites and spines*'**. Part 
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of this signal depends on the synaptic activation of NMDA 
receptors and reflects, at least in part, Ca?* entry through N MDA 
channels and voltage-gated Ca** channels. In one study* the 
tetanically induced rise in Ca** persisted for several minutes, 
and it was proposed that sustained Ca** gradients might be 
important for memory processing. But it is unlikely that rises 
in Ca?’ of this duration are necessary for the induction of LTP 
in view of the demonstration that LTP can still be induced even 
if the duration of the post-tetanic rise in Ca** is restricted to 
less than 3s, using a photo-activatable caged Ca** chelator”. 
Complementary data have come from combining Ca°* imaging 
with whole-cell recording™. Although, for technical reasons, 
LTP could not be induced, this preparation allowed Ca** signals 
to be correlated directly with the synaptic response. Strong 
tetanic stimulation, which evoked large NMDA receptor-medi- 
ated synaptic currents, produced Ca*” transients lasting only a 
few seconds. This combination of techniques has also enabled 
the Ca** signal that permeates NMDA channels on dendritic 
spines to be detected (Fig. 2). 

There are indications from Ca** imaging experiments that 
the Ca** which permeates NMDA channels is augmented by 
Ca** release from intracellular stores (see Box 3). The Ca” 
transient associated with the synaptic activation of NMDA 
receptors is substantially reduced in the presence of ryanodine 
or thapsigargin, drugs which inhibit Ca**-induced Ca** release 
and deplete intracellular Ca** stores, respectively. That this 
Ca** might be important for the induction of LTP is suggested 
by the observations that dantrolene, which acts at the ryanodine 
receptor, and thapsigargin can both inhibit the induction of 
LTP**-***©, It is likely that inositol 1,4,5-trisphosphate (InsP,) 
generated as the result of the activation of mGluRs, as well as 
the Ca** which permeates through NMDA channels, is involved 
in releasing Ca** from intracellular stores. Moreover, activation 
of mGluRs can induce LTP by a thapsigargin-sensitive mechan- 
ism, even if NMDA receptors are blocked”. This suggests that 


FIG. 2 Ca** permeates NMDA channels to produce 
a transient signal in spines in response to tetanic 
stimulation. Confocal images of a CA1 pyramidal 
neuron in a hippocampal slice. The upper image 
shows part of the soma and dendrites as they 
emerge into the plane of the optical section. The 
boxed region is enlarged to show a dendritic branch 
and spine-like structure. This is further enlarged to 
show the spine in more detail and the boxed region 
from which the fluorescence measurements were 
obtained. (The box is ~1 pm*.) The graph plots the 
relative fluorescence, emitted by the indicator fluo-3, 
as a function of time. The tetanus (100 Hz, 1s), 
delivered for the duration of the bar, resulted in a 
transient increase in fluorescence. The upper trace 
shows the synaptic current induced by the tetanus, 
recorded through a patch-pipette. The cell was inter- 
nally dialysed and clamped at —35 mV to eliminate 
all voltage-gated Ca** channel activity and the slice 
was treated with thapsigargin to deplete intracellular 
Ca** stores. Under these conditions the fluores- 
cence changes are caused by Ca*” permeating 
through NMDA channels. 
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release of Ca** from intracellular stores can substitute for the 
NMDA receptor-mediated Ca** signal. Other routes by which 
Ca** could enter the cell to contribute to the induction of LTP 
include voltage-dependent Ca** channels and Ca**-permeable 
AMPA channels (that is, those lacking the GluR-2 subunit*’). 
At present, though, there is little evidence that either of these 
pathways plays a significant role in LTP. 

Although clearly a necessary factor, it is unclear whether a 
rise in postsynaptic Ca** provides a sufficient triger for the 
induction of LTP. Elevation of intracellular Ca’* by the photoly- 
sis of caged Ca** induces a form of synaptic potentiation’, but 
the relationship between this effect and LTP has not been 
determined (for example, occlusion experiments have not been 
done). Elevation of intracellular Ca’*, either by evoking Ca?* 
currents” or by slowly depleting intracellular Ca** stores*°, does 
not induce LTP. This could be due either to the failure of these 
methods to elevate Ca** in the appropriate manner (presumably 
what is needed is a large transient within spines) or to the need 
for additional pre- and/or postsynaptic signals. 

In summary, the available evidence suggests that under nor- 
mal conditions Ca** permeates NMDA channels to provide a 
transient signal which is necessary for the induction of LTP. It 
is probable that this signal is restricted to the vicinity of activated 
spines and is amplified by release from intracellular stores. 


Expression of LTP 


A major challenge is to identify the loci and nature of the 
alterations responsible for the expression. of the potentiated 
State. 


34 


The locus of expression. Broadly speaking, the increase in the 
postsynaptic response generated at potentiated synapses could 
be due to (1) presynaptic modifications which result in an 


postsynaptic modifications, such as an increase in the number 
of receptors or a change in their functional characteristics, (3) 


an extrasynaptic change, such as a reduction in uptake of L- 


glutamate by glial cells leading to increased neurotransmitter 
availability at the receptors, or (4) morphological modifications. 
In reality, a combination of these changes, with different time 
courses, probably occurs. 

Evidence for an increase in neurotransmitter release is derived 
from experiments that have measured the overflow of radiolabel- 
led or endogenous L-glutamate from the hippocampus before 
and after the induction of LTP". Although not without 
difficulties of interpretation”, these experiments establish a case 
for presynaptic changes lasting for at least several hours*™. 
Supporting evidence was obtained from experiments in which 
the ability of a depolarizing stimulus to release radiolabelled 
glutamate was shown to be elevated in potentiated hippocampal 
tissue’. 

Other studies have suggested purely postsynaptic modi- 
fications. The observation that paired-pulse facilitation is not 
altered after the induction of LTP has been inte 
evidence for a postsynaptic modification in LTP 
assumption that facilitation in the hippocampus is presynaptic, 
and that an interaction between facilitation and LTP would be 
expected if the expression of the latter were also presynaptically 
mediated. It is possible, however, to construct a model in which 
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BOX 2 The role of amino-acid receptors in the induction of LTP 


a, Low frequency transmission: a single stimulus applied to the Schaffer 
collateral-commissural pathway evokes an e.p.s.p. which is mediated 
predominantly by the neurotransmitter (L-GLU) acting on ionotropic gluta- 
mate receptors of a non-NMDA type”. This e.p.s.p. can be blocked by the 
quinoxalinedione antagonists, such as 6-cyano-7-nitroquinoxaline-2,3- 
dione (CNQX)*®®+°, and is usually referred to as AMPA receptor-mediated 
after the selective ligand for these receptors a-amino-3-hydroxy-5- 
methyl-4-isoxazolepropionate (AMPA). This receptor corresponds to the 
cloned family GluR1-4*”. When the Schaffer collateral-commissural path- 
way is stimulated it also activates GABAergic interneurons (through 
glutamatergic synapses similar to those on pyramidal neurons*®) and 
this leads to the biphasic i.p.s.p. which curtails the e.p.s.p. The initial part 
of the i.p.s.p. is caused solely by the activation of GABA, receptors (which 
contain integral Cl” channels) and this is supplemented and followed by 
the activation of GABA, receptors (which are indirectly coupled to K“ 
channels). NMDA receptors contribute little to the synaptic response 
because of their relatively slow activation kinetics***”**’*. By the time 
that significant numbers of NMDA channels are in an open state the neuron 
has been hyperpolarized by the i.p.s.p. and this greatly enhances the block 
of NMDA channels by Mg** (ref. 22). Even so, there will still be a finite 
contribution of the NMDA receptor system to low frequency synaptic 
transmission; however, this is not sufficient (under normal circumstances) 
to initiate changes in the efficiency of synaptic transmission. b, High- 
frequency transmission. The contribution of NMDA receptors to synaptic 
transmission alters radically in response to a high-frequency input?**”*. 
This is because the tetanus maintains the neuron in a more depolarized 
state, which in turn reduces the extent of the Mg* *-induced block of NMDA 
channels, while at the same time providing the L-glutamate which promotes 
their opening. Several factors may contribute to the sustained depolariz- 
ation during a tetanus; these include summation of AMPA receptor- 
mediated e.p.s.ps, depolarizing shifts in the Cl” and K* reversal potentials 
due to build up of intracellular Cl’ and extracellular K*. The primary 
mechanism (during primed or theta-burst LTP) is depression of GABA- 
mediated synaptic inhibition*®. This is an active process mediated by 
GABA, autoreceptors. The effect takes more than 10 ms to develop and 
can last for up to a few seconds. As a result low frequency transmission 
is unaffected by this process; however, during high-frequency transmission 
there is considerably less GABA released per impulse which leads to a 
shift in the balance of excitation and inhibition. The reduction in inhibition 
allows greater expression of the NMDA receptor system which in turn 
contributes to the depolarization and thus futher reduces the level of the 
Mg”* block. The long duration of the synaptic conductance means that 
NMDA receptor-mediated e.p.s.ps summate very effectively during high- 
frequency transmission. 


facilitation and LTP are both presynaptic and yet involve addi- 
tive, non-interacting mechanisms; this could be the case, for 
example, if the initial probability of release were very low. 
Claims that LTP is associated with a specific®’** increase in the 
AMPA receptor-mediated component of the synaptic response, 
have formed the basis of an argument for a purely postsynaptic 
change, on the assumption that a presynaptic change would 
result in a similar increase in both AMPA and NMDA receptor- 
mediated components. In support of this argument, an increase 
in both components was seen during PTP, whereas the isolated 
NMDA receptor-mediated component failed to exhibit LTP. 
But the argument has been undermined by subsequent reports 
that NMDA receptor-mediated synaptic transmission exhibits 
pronounced LTP*?*? 

Another test for postsynaptic changes is to monitor the sensi- 
tivity of neurons to the application of agonists before and after 
the induction of LTP. Initial studies found no increase in the 
sensitivity to L-glutamate for up to 30 min post-tetanus®*™. But 
in a more recent study, in which AMPA or quisqualate were 
used as agonists to avoid problems associated with the uptake 
and possible nonspecific actions of L-glutamate, a slow-onset 
increase in sensitivity was detected®. The effect began within a 
few minutes but took an hour or more to reach a maximum. 
This time course parallels the slow-onset potentiation that can 
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be induced by the application of certain agents, such as 
arachidonic acid®™, and ACPD”. It seems reasonable to assume 
that changes in the steady-state responses, as measured in the 
above experiments, reflect alterations that would also affect the 
response to synaptically released L-glutamate (for example, 
changes in the number, or conductance properties, of AMPA 
receptors). If this assumption is valid, then the results imply 
that the expression of STP is presynaptic whereas that of LTP 
is, at least in part, postsynaptic. 

Despite the formidable interpretational problems of applying 
quantal analysis to central synapses, there has a been a 
resurgence of interest in the use of this technique to analyse the 
locus of expression of LTP. Early studies in area CA1 indicated 
a presynaptic locus®’. Results of the more recent studies of 
fluctuations in the amplitude of synaptic responses have pro- 
duced conclusions ranging from purely presynaptic”, to pre- 
dominantly presynaptic'’®*””’, to purely postsynaptic’' and, 
finally, to a mixture of purely presynaptic, purely postsynaptic 
and both pre- and postsynaptic’*”*. This variability may reflect 
differences in the initial release probability which, in turn, will 
be influenced by experimental parameters such as the extracel- 
lular Ca** concentration”. Analysis of spontaneous miniature 
synaptic currents, associated with NMDA- or L-glutamate- 
induced STP, has provided evidence for an increase in quantal 
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BOX 3 Ways in which -glutamate through its action on postsynaptic receptors may affect signal transduction 
processes involved in LTP 


THE initial induction signal is a Ca** transient which permeates NMDA 
channels. This signal is then amplified by the release of Ca?* from 
Ca? */insP,-sensitive intracellular stores. A parallel pathway which may 
be important for the induction of LTP is provided by mGluRs. These 
receptors can couple, through G-proteins, to the phosphoinositide-specific 
phospholipase C (PLC), phospholipase A, (PLA) and adenylate cyclase 
(AC)**°, to produce diacylglycerol (DAG), arachidonic acid (AA), and to 
regulate the levels of cAMP, respectively. Note that the initial NMDA 
receptor-mediated Ca** transient may be necessary for the activation of 
these mGluR cascades by .-glutamate**®. The amplified Ca?* signal, in 
association with the other activators of protein kinases (zig-zag arrows), 
then leads to the phosphorylation of substrate proteins including, probably, 
AMPA and NMDA receptors. Other enzymes, such as nitric oxide synthase 
(NOS), if present, may also be activated by the Ca?* transient. Biochemical 
changes in the presynaptic terminal may be initiated by the action of 
retrograde messengers, such as arachidonic acid (AA), nitric oxide 
(NO) and K*, perhaps in conjunction with the action of L-glutamate on 


presynaptic mGluRs*’”. 


size in the hippocampal slice, implying a postsynaptic locus”, 
and an increase in miniature frequency in cultured hippocampal 
neurons, implying a presynaptic locus”. Evidently, the hoped- 
for resolution of the locus of expression of LTP by the applica- 
tion of quantal analysis has not yet been achieved. Note that if 
STP and the several temporal phases of LTP (see Box 1) are 
expressed at different loci, then changes in quantal parameters 
may alter progressively with time®””’. 

Signal transduction mechanisms. Several different Ca?" -sensi- 
tive enzymes have been proposed to play a part in converting 
the probable induction signal, the entry of Ca** through the 
NMDA channel, into persistent modifications of synaptic 
strength. These include the protease calpain”, phosphatases 
such as calcineurin” , phospholipases and protein kinases. Most 
interest has focused on phosphorylation cascades and, in par- 
ticular, the role of protein kinases. The first kinase to be impli- 
cated in LTP was the Ca**/phospholipid-dependent protein 
kinase (PKC)’**°. Inhibitors of the enzyme invariably block 
the induction of LTP; in most studies, STP is unaffected by 
PKC inhibitors*'**, though with the use of high doses or the 
combined application of inhibitors STP may also be blocked”. 
There is general agreement that PKC inhibitors will block LTP 
if they are applied after the tetanus, indicating that kinase 
activity outlasts the initial induction signal. But the duration of 
the time-window during which kinase inhibitors are effective 
and the manner in which the activation of kinases is maintained 
are both matters of debate. For example, it has been suggested 
that constitutively activated PKC is involved because H-7, which 
inhibits the activity of the catalytic subunit, but not sphingosine, 
which prevents the initial activation of PKC, can depotentiate 
synapses in a reversible manner even when applied up to 3h 
after induction®. But the selectivity of H-7 for potentiated 
pathways has been challenged"’, and other PKC inhibitors that 
act on the catalytic subunit, including K-252b (ref. 85), are not 
able to depotentiate fully established LTP. There is also disagree- 
ment as to whether the sustained kinase activity that might be 
necessary for LTP is located within the postsynaptic cell*® or 
not*’. A recent view” is that a postsynaptic kinase is activated 
transiently (for less than a few minutes following the tetanus) 
and a presynaptic kinase is activated for longer periods (but for 
less than 1 hour). These kinases might be the y and 8 isoforms 
of PKC, respectively. Intracellular injection of the catalytic 
subunit of PKC induces synaptic potentiation” as does the 
extracellular application of activators of PKC, such as certain 
phorbol esters’’. But the enhanced response does not survive 
washout of phorbol ester, and occlusion experiments indicate 
that LTP and phorbol ester-induced potentiation use different 
mechanisms’”’”*. Overall, it seems that activation of PKC is not 





sufficient to induce LTP but is a necessary factor and may be 
specifically involved in the conversion of STP to LTP! (that is 
in the consolidation or stabilization of LTP). The development 
of more selective PKC inhibitors and, in particular, subtype- 
specific inhibitors are needed to confirm and extend these ideas. 

Several inhibitor studies have also indicated a role for cal- 
modulin and the Ca**/calmodulin-dependent protein kinase 
CaMKII in LTP****°**. Knockout of the gene encoding 
a@CaMKII, an isoform which is heavily enriched in postsynaptic 
densities, severely impairs, though it does not always completely 
block, the ability of slices to exhibit LTP”. The autophosphory- 
lated form of this enzyme does not require Ca** and as a result 
becomes constitutively active. This has led to the proposal that 
CaMKII can act as a form of molecular memory, recording the 
occurrence of a previous Ca** transient™. But contrary to the 
predictions of this model, NMDA does not alter the proportion 
of Ca**-independent CaMKII in organotypic hippocampal cul- 
tures”. Less is known about the role of other kinases in LTP. 
The level of cAMP is elevated in an NMDA receptor-dependent 
manner in LTP and this may indicate an involvement of cAMP- 
dependent protein kinase (PKA)'®™. It has been suggested, on 
the basis of inhibitor studies, that protein tyrosine kinases 
(PTKs) are involved in LTP'®', and it may be relevant that 
NMDA receptor activation leads to tyrosine phosphorylation 
of MAP-2 kinase’. 

In addition to post-translational modification of existing pro- 
teins there is evidence that protein synthesis is also necessary 
for LTP. The extent to which protein synthesis inhibitors prevent 
LTP is variable, depending on the inhibitor used. Probably the 
clearest picture has emerged from the use of anisomycin, which 
inhibits translation of proteins from mRNAs. If present at the 
time of the tetanus anisomycin reduces the duration of LTP to 
3-6 hours *®-"°5, A similar rate of decay is seen if LTP is induced 
in synapses that have been surgically isolated from the major 
site of protein synthesis in the cell body layer". In contrast, 
actinomycin, which prevents the transcription of mRNAs from 
DNA, has no effect on this anisomycin-sensitive phase'™*, Taken 
together, these results suggest that proteins synthesized from 
pre-existing mRNA are required for the maintenance of LTP 
during the first few hours (corresponding to LTP2 in the 
classification shown in Box 1). The identity of proteins which 
are up- or downregulated during this period are not known, but 
several have been separated on two-dimensional gels'”®. It is 
also intriguing that an increase in protease activity has been 
detected in perfusates from the dentate gyrus following potenti- 
ation’, raising the possibility that cleavage of proteins with 
extracellular domains, such as neural cell adhesion molecules 
(NCAMs), may contribute to synaptic remodelling in LTP. 
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The experiment with actinomycin suggests that for the first 3 
hours or so LTP does not depend on gene transcription. This 
does not preclude the possibility that genes are normally tran- 
scribed at or shortly after the time of induction but exert their 
effects at later times. An example of gene transcription induced 
by tetanic stimulation is the NMDA receptor-dependent increase 
in mRNA for the immediate early gene zif/268 (refs 108-110). 
There is also a transient expression of c-fos, but only if the 
-. animal is unanaesthetised at the time of induction! t}? suggest- 

ing that the c-fos protein is necessary for the generation of the 

“most persistent form of LTP (LTP3; see Box 1). Changes in the 
abundance of mRNAs for a number of proteins have recently 
— been identified in single CA1 cells 30 min to 3 hours after tetaniz- 

ation". The reported changes in message for protein kinases 
(CaMKII is upregulated and the B-isoform of PKC is downregu- 
lated) suggests that protein kinases may play a role in the late 
stages of LTP, in addition to their presumptive action during 
the early phases. 
Postsynaptic modifications. It is likely that the postsynaptic 
component of the expression of LTP involves alterations in the 
.. number and/or properties of the ion channels that mediate 
= synaptic transmission. In view of the evidence that protein 
kinases are involved in LTP, the simplest scheme is that the 
kinases directly phosphorylate these ion channels. Consistent 
with this possibility, the gradual increase in AMPA sensitivity 
following the induction of LTP is prevented by K-252b, a potent 
kinase inhibtor®’. In addition, cloned AMPA receptors have 
several consensus sequences for phosphorylation by various 
kinases*’. Finally, the catalytic subunit of PKA can directly 
increase AMPA receptor function ®t", 
© The finding that each of the AMPA receptor subunits can 
exist in two alternatively spliced variants, termed flip and flop, 
with different conductance properties, raises the possibility that 
LTP reflects a change in the relative expression of the flip and 
flop variants''®. Alternatively, it could involve a change in the 
relative expression of the different subtypes of AMPA receptor, 
GluR 1-4 (ref. 47). A third possibility is regulation of RNA 
editing". 

The drug aniracetam, which potentiates responses to 
AMPA'" by preventing desensitization"? ®, has been used to 
explore how AMPA receptors may be modulated in LTP. The 
underlying idea is that if LTP and aniracetam share common 
mechanisms then their effects should interact. The weight of 
evidence suggests little interaction’'*!''*'?? indicating that 
aniracetam and LTP do not regulae AMPA receptor function 
in the same manner. 

So far, studies have concentrated on. T ike AMPA receptor- 
_. mediated component of synaptic transmission may be modified 








in LTP, But the NMDA receptor-mediated component also 


== exhibits robust LTP*’°*. Alterations in this component could 
- provide a means by which. synapses increase their plasticity, as 
> well as their efficiency. As with the AMPA receptor-mediated 
_- component, LTP of the NMDA receptor-mediated component 
of synaptic transmission could involve increases in L-glutamate 





release and/or postsynaptic modifications. A mechanism for the 


__ latter: possibility is. suggested by the observation that NMDA 
receptor function can be increased by the activation of PKC'** 
This may involve phosphorylation of NMDA channels to alter 
the extent of the Mg°* block of these channels'**. Another 
possibility is an upregulation of endogenous promoters of 
_ NMDA receptor function, such as arachidonic acid’? and InsP, 
(ref, 126). 

The nature of the retrograde messenger. The probable trigger 
for the induction of LTP is the entry of Ca** through NMDA 
channels located on the postsynaptic cell. But as we have seen, 
t is very likely that the potentiated response is maintained in 
part by presynaptic mechanisms. To reconcile these two observa- 
tions, it was proposed that an intercellular signal is released 
from. the postsynaptic site of induction to initiate increased 
transmitter release from the presynaptic terminal 7. 
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The first candidates to be considered were proteins. In addi- 
tion to a tetanus-induced efflux of newly synthesised protein 
from hippocampal slices'** LTP is associated with an NMDA 
receptor-dependent increase in the protein content of hippocam- _ 


129.159 The increases were slow to develop, 


proteins as immediate retrograde 


pal perfusates 
apparently ruling out 
messengers. 

The next candidate to be examined was arachidonic acid. 
This unsaturated fatty acid satisfies several of the requirements 
for a retrograde messenger: (1) it is released from cultured 
neurons into the extracellular medium by the activation of 
NMDA receptors'*!, (2) there is an increase in its efflux ™ and 
postsynaptic availability“? following the induction of LTP, (3) 
inhibitors of phospholipase A;, an enzyme that liberates 
arachidonic acid from phospholipids, block the induction of 
LTP'**-'5\ and (4) the transient application of arachidonic acid 
to hippocampal synapses causes a slow-onset Poat i 
Potential targets for arachidonic acid include not only the presy- 
naptic terminal, where it may act to increase i-glutamate 
release”, but also glial cells where it depresses t-glutamate 
uptake'*’ and the postsynaptic cell, where, for example, it can 
potentiate NMDA receptor-mediated currents ™. Another phos- 
pholipase A;-derived lipid, platelet-activating factor, also has 
some of the properties expected of a retrograde messenger" AARE 

The possibility that nitric oxide (NO) may be a retrograde 
messenger in LTP has excited considerable interest. Like 
arachidonic acid, NO is released from cultured neurons exposed 
to NMDA”, NO is derived from arginine in a reaction catalysed 
by NO synthase, and inhibitors of the enzyme have been reported 
to block the induction of LTP CY, Haemoglobin, a scavenger 
of NO which is presumably confined to the extracellular space, 
also blocks the induction of LTP, implying that NO (or 
another haem-binding molecule, such as CO) is released into 
the extracellular compartment. In addition, NO increases the 
frequency of miniature excitatory postsynaptic potentials 
(e.p.s.ps) in hippocampal cultures'**. But although there is 
immunocytochemical evidence for NO synthase in hippocampal 
interneurons, there has been difficulty in obtaining evidence for 
its expression in pyramidal or granule cells'**. Furthermore, 
other laboratories'*, including our own, have not found a 
consistent block of LTP with NO synthase inhibitors. The story 
has been further complicated by the observation that under 
conditions where previous activation of the Mellie receptor 
system has disabled the induction mechanism” ™, NO synthase 
inhibitors may promote the induction of LTP’. Thus, the effect 
of NO synthase inhibitors may depend on the recent history of 
activity in the hippocampus. In summary, although NO remains 
an intriguing candidate, the evidence that it is a retrograde 
messenger is far from conclusive. 

A general problem with the candidates discussed above is the 
time course of their action. The evidence for increased transmit- 
ter release is strongest for STP, that is from a few seconds to 
an hour or so after the inductive event. But inhibitors of 
arachidonic acid and NO synthesis both spare STP. Moreover, 
the potentiation produced by arachidonic acid is comparably 
slow to develop. Thus none of the proposed candidates has the 
properties expected of a rapid retrograde messenger. An akterna- 
tive means of relaying postsynaptic activity is through alterations 
in activities of extracellular ions. One possibility is K’, which 
will be released from the postsynaptic cell during a tetanus to 
a degree that will, in part, reflect the level of activation of NMDA 
receptors. As discussed elsewhere'**, this could provide a signal 
to the presynaptic terminal through an interaction with presy- 
naptic mGluRs'*’, because the coupling of these receptors to 
PLC is strongly potentiated by extracellular K* (ref. 148). 
Presynaptic modifications. Regulation of transmitter release 
could occur at any of the sequence of events leading from 
Ca°* entry to exocytosis, through the mobilization, docking 
and fusion of vesicles at release sites in the presynaptic 
terminal. 
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LTP-related changes in Ca’* homeostasis could in principle 
account for persistent changes in transmitter release. Ca’* levels 
were found to be elevated in synaptosomes prepared from 
potentiated dentate gyrus 45 min after the induction of LTP”, 
and this may explain the enhanced ability of potentiated 
synaptosomes to release preloaded transmitter. Another possi- 
bility is an increase in the size of the Ca?” transient associated 
with each action potential, following the induction of LTP. The 
measurement of Ca** transients associated with single action 
potentials in hippocampal afferent terminals has not yet been 
reported; however, the Ca** signal produced in mossy fibre 
terminals by trains of stimuli is not changed following the 
induction of LTP in this NMDA receptor-independent path- 
way’, Alternatively, LTP may be associated with an increase 
in the sensitivity to Ca** to one or more components of the 
release mechanism'*'. Because LTP is expressed as an enhanced 
response to single stimuli, it is processes controlling the rapid 
fusion of synaptic vesicles with release sites, and/or the forma- 
tion of fusion pores, which are the most likely targets for regula- 
tion. Processes which govern the ability of the terminal to 
respond during sustained activity, such as the synthesis of trans- 
mitter, the transport and filling of vesicles and their release from 
the cytoskeletal cage, will contribute to LTP only to the extent 
that they influence either the probability of fusion, or the amount 
of transmitter packed into vesicles. 

The nature of the retrograde messenger may give clues to the 
processes responsible for the sustained increase in transmitter 
release. Arachidonic acid stimulates basal phosphoinositide 
turnover in synaptosomes prepared from the dentate gyrus'*, 
and, consistent with this finding, there is an increase in presynap- 
tic phosphoinositide turnover in LTP'*®. Arachidonic acid there- 
fore could lead to an activation of presynaptic PKC both directly 
and as a consequence of the increased production of diacylgly- 
cerol. Among presynaptic substrates for PKC is the calmodulin- 
binding protein gap43, phosphorylation of which is increased 
in LTP'**:'**. Because phosphorylated gap43 cannot bind cal- 
modulin, it is possible that through the resulting increased 
availability of calmodulin, the phosphorylation of synaptic 
vesicle proteins such as CaMKII substrates synaptophysin and 
synapsin could be affected, leading to modulation of vesicle 
fusion and hence of transmitter release. The identity of pre- 
synaptic targets for NO, which could include guanylate cyclase 
and ADP ribosyltransferase'”, have not been determined. 
Finally, a presynaptic mGluR could be coupled to transmitter 
release in a number of ways, as.suggested by the coupling of 
mGluR1 to PI hydrolysis, arachidonic acid production, and 
cAMP levels’. 


Conclusion 

The associative characteristics that define the induction criteria 
for NMDA receptor-dependent LTP have found an elegant and 
satisfying explanation in the voltage-dependent properties of 
the NMDA receptor/channel complex. In contrast, little is 
known about the biochemical cascades that are triggered by the 
permeation of Ca** through open NMDA channels and which 


lead to the persistent enhancement of synaptic efficiency. The 
evidence considered here suggests that tetanus-induced potenti- 
ation proceeds in stages, beginning with a protein kinase- 
independent phase (STP), lasting less than ~1 hour, followed 
by three stages of LTP (LTP1-3), requiring protein phosphoryla- 


tion, protein synthesis from existing mRNAs, and gene tran- e 


scription, respectively. The expression of synaptic potentiation 
probably involves both pre- and postsynaptic mechanisms, not 
necessarily in the same proportion at each stage, the one leading 
to an increase in transmitter release and the other to an increase 
in the number or change in the properties of the ion channels 
which mediate synaptic transmission. Activity-induced changes 
in the morphology or number of spines may also contribute to 
changes in synaptic efficiency, as suggested by a number of 
electron-microscopic studies'*'*’. Advances in microscopy may 
soon allow the real-time visualization of any such changes’. 

In this review we have charted the substantial progress which 
has been made in understanding the cellular and molecular basis 
of NMDA receptor-dependent LTP in the hippocampus. It is 
part of the fascination of LTP that it can be studied experi- 
mentally at many levels, from the molecular to the behavioural: 
at the same time, knowledge about properties of LTP feeds 
directly into theoretical investigations of information storage in 
distributed neural networks. This catholicity of interest is reflec- 
ted in the scope of the many questions that remain (Box 4). In 
the end, the overriding motivation for studying synaptic plas- 
ticity in the brain is the hope of gaining an understanding of 
the physical basis of memory in health and disease, and it is 


the nature of the link between LTP and memory that is likely . 


to provide a major focus for research in the future. o” 
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The explosion over Tunguska, Central Siberia, in 1908 released 10 to 20 megatons (high explosive 
equivalent) of energy at an altitude of about 10 km. This event represents a typical fate for stony 
asteroids tens of metres in radius entering the Earth’s atmosphere at common hypersonic velocities. 
Comets and carbonaceous asteroids of the appropriate energy disrupt too high, whereas typical iron 


objects reach and crater the terrestrial surface. 





THE explosion’ on 30 June 1908 over Tunguska has inspired 
many exotic explanations. Antimatter®, a small black hole’ and, 
inevitably, an exploding flying saucer’, have all been proposed 
as means of liberating tens of megatons of energy in the atmos- 
phere without cratering the Earth’s surface. Quantitative expla- 
nations in terms of a less exotic object have often suggested that 
it must have been extremely underdense (with an effective 
density pm = 10~°-10°" g cm~’) to have exploded before reach- 
ing the ground’! Contrary to that claim, we show that the 
Tunguska explosion is a typical fate for stony asteroids with 
radii ~30 m entering the Earth’s atmosphere at common hyper- 
sonic velocities, Short-period and long-period comets with 
appropriate energies explode far too high in the atmosphere to 
account for the observations, whereas iron objects (with rare 
exceptions) explode too low, or not at all. Our model is also 
consistent with the fate of the Revelstoke object, observed'* to 


have catastrophically exploded in the atmosphere with an energy _ 


of tens of kilotons*. These results affect assessments of the hazard 
posed by impacts-of small comets and asteroids. 


Characteristics of the Tunguska event 
The Tunguska event has been variously estimated as liberating 
between 4x 10° (ref. 14) and 4x10” erg, (ref. 12) or 10-10° 
megatons (Mton). The best energy estimates are based on air 
and seismic wave records, compared with nuclear airbursts of 
comparable yield. Hunt et al.'* thereby find an explosive energy 
of 10+ 5 Mton; a more recent analysis by Ben- Menahem" finds 
12.54 2.5 Mton. Similar estimates derive from observed forest 
destruction, scaled from the uprooting of trees in nuclear 
weapons tests'7"°. 

Seismic waves were excited by a vertical point impulse of 
7x 10'* dyns (ref. 15). The impulse has been interpreted’? as 
the initial vertical momentum of the impactor, which implies a 


bolide kinetic energy of ~4x10° erg. This interpretation is 


problematic, as the impulse striking the ground is largely from 
the blast wave generated by the explosion, and not due to the 
detached ballistic shock from the decelerated impactor’. Turco 
et al.” distinguish between the Tunguska terminal explosion 
and energy released by ablation and deceleration during atmos- 


pheric entry, with the explosion representing just the last 1% of . 


the bolide’s energy. This requires the bolide to be extremely 
underdense (p,,<0.01 gcm™) by the time it enters the upper 
atmosphere. ee B 

A reported” iridium spike coincident with Tunguska in 
Antarctic ice corresponds to an impactor with energy >10% erg. 


New analyses on Antarctic samples, however, have found no — 


detectable iridium imprint above background due to cosmic 
dust, contradicting the earlier result. No evidence for pre- 
+ Present address: Laboratory for Extraterrestrial Physics, Code 693, NASA 
Goddard Space Flight Center, Greenbelt, Maryland 20771, USA, 


dicted’* elevated nitrate production has been found in a green- 
land ice core’, 

Contrary to interpretations of the Tunguska object as a friable, 
underdense comet, Sekanina”’ favours a bolide with a very high 
strength, arguing that the object would explode instantly on 
disruption. Levin and Bronshten’”! reach similar conclusions, by 
analogy with typical terminal-flare meteors. Shoemaker’ asserts 
that Tunguska-like explosions should be a common fate of small 
bolides entering the terrestrial atmosphere, provided only that 
they are less strong than iron objects. 

The terminal explosion over Tunguska is typically estimated 
to have occurred at roughly an atmospheric scale height H = 
8.4km. Ben-Menahem’* has compared differing arrival times 
for Rayleigh and SH body waves recorded at Irkutsk; he finds 
an explosion height of 8.5 km. This agrees with simulations’ ®™ 
of the treefall pattern, which suggests explosion altitudes of 
5-10 km. 

The inclination angle @ (measured from the horizontal) of 
the Tunguska object’s trajectory has been controversial. 
Attempts’””*? to determine @ from eyewitness reports typically 
give shallow trajectories, in the range 5-17°. Such low inclina- 
tions are inconsistent with attempts to simulate the treefall 
pattern at the Tunguska site. Zotkin and Tsikulin” measured 
the azimuths of 40,000 felled tree trunks over 2,200 km’ at the 
Tunguska site, and reproduced the observed ‘butterfly’ pattern 
in the laboratory by superimposing a terminal point charge and’ 
an inclined line charge. Their investigations require 10°< 6< 
60°, with a preferred value of 30°. Korobeinikov et al.’ simulated 
the treefall pattern using a numerical shock model, finding that 
observations can be matched only for 30°< @ < 45°, with a pre- 
ferred value of 40°.. They further assert that this value is con- 
sistent with eyewitness accounts. 

Evidently it is difficult to determine the true inclination of 
the Tunguska bolide, and eyewitness reports gathered 20 years 
after the event are particularly suspect. In this investigation, we 
usually take @ to be the most probable entry angle for an incident 
object, 45°, but consider a range of other possible values. 


Atmospheric entry of the bolide 
A cosmic object entering the atmosphere loses its kinetic energy 
through deceleration. and ablation**’°, Deceleration can be 
described by the equation 

dv i 3, 8 

m~ = ~sCpp,Av*+-~ sin 0 

di 2U DPa Wi 
where r is the bolide’s radius, A its cross-sectional area, p, 
atmospheric density, g gravitational acceleration (a function of 
height), ¢ time, and Cp drag coefficient. The object's surface is 


( i } oa 





heated by radiation from the atmospheric shock front. This heat _ 


is shed efficiently by ablation. The resulting change in mass is . 
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where Q is the heat of ablation and Cy is the heat transfer 
. coefficient. Q is a function of material type and the specific 
_ process of ablation. To derive the values of Q used here, we 
begin with the heat of vaporization appropriate to iron and 
stony meteorites™, 8x 10'° ergg '. We then use observed abla- 
tion coefficients for cometary, carbonaceous and stony meteors 
o calculate Q for comets and carbonaceous Asteroles following 
Chyba etal” (see Table 1). i 
o Observation indicates” that Cy is effectively constant at Cy = 
~ 0.1 above ~30km. This altitude range. includes most visible 
: - meteors. But as a bolide descends to lower altitudes, Cy, declines 
o= inversely with atmospheric. density, so that. m, which had been 


` increasing, becomes effectively constant. This upper limit on m 


-< occurs because large objects ablate mainly by absorbing thermal 
radiation emitted by the hot, shocked gases concentrated in 

front of the impactor. The temperature attained by the shocked 

gas is strongly regulated by thermal ionization**”’ to ~25,000- 

30,000 K, with weak dependence on the. velocity, size and com- 

position of the impactor. The maximum ablation rate is therefore 

-Qm ~= AoT’. These considerations suggest. rewriting equation 
(2) as* 





QST- -A min GORAD, oT") — QB) 


ae where Cf,= 0.1 and T = 25,000 K. This pereen SD 
reproduces the results of ref. 30. 
‘The bolide’s trajectory angle @ varies as- 
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terrestrial surface, and C, the, lift coefficient. Passey an 
Melosh?’ suggest taking C, = 10°, on the basis of their investi si 
gations of crater fields. We set C, = 107°. Even for trajector 
as low as 0 = 15°, varying C, over the range 107-1 changes 
altitude at which a Tunguska-sized stony asteroid. airbursts. & f 
only ~1%. ae 

Equations ( 1) and (2) can be solved analytically for spheri cal 
impactors in an isothermal atmosphere if @ and Cu are held 
constant”. The analytical solution does not, however, allow for ; 
objects breaking up in response to aerodynamic forces. We 
therefore apply a finite-difference approach to solving the 
required equations. l 





Catastrophic fragmentation 
Catastrophic fragmentation is a likely means of producing an 
atmospheric explosion of a bolide. By spreading the impactor’s - 
mass over a wide area, fragmentation increases the amount of 
atmosphere intercepted and so enhances ablation and aerobrak- 
ing; hence a fragmenting object stops more abruptly, surrender- 
ing its kinetic energy more explosively, than does a non-frag- ` 
menting object? | 

Objects much greater than ~1km in diameter do not fragment i 
while traversing the Earth’s atmosphere, as an atmosp i] 
induced pressure wave has insufficient time to cross 
pers lees In effect, n ba sige monie at 





is dominated by fragmentation, ‘although the yer a jor $ 
depends strongly on object type and velocity, i 
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Deformation and fragmentation occur because of differential 
atmospheric pressure across the object. The leading face of the 
impactor is subjected to an average pressure p.~ Cyp,v’/2, 
whereas the pressure on the trailing face is much smaller. 
Integrated over the surface of the impactor, this difference 
produces the drag force of equation (1). Pressures on the side 
of the objects are also much smaller™ than p,, so that the object 
is essentially not laterally confined. Impactors fragment as the 
result of this aerodynamic stress**7°?!?5"° Fragmentation 
occurs when p, exceeds a characteristic strength of the material. 

- Because the details of bolide failure are poorly understood”, 
we select characteristic strengths for various bolides using the 
following considerations. 

Fragmentation of ‘Sun-grazing’ and ‘Jupiter-grazing’ comets, 
presumably due to tidal stresses, suggests” that at least some 
comets may have extremely low tensile strengths of 10°- 

10° dyn cm™^. Objects have fragmented in the terrestrial atmos- 
phere with strengths™ as low as 6x10°dyncm™*. A typical 
strength of a chondritic impactor is 1 x 10’ to 5x 10’ dyncm™’, 
although stronger stony objects can have strengths” as high as 
2x 10'-5 x 10° dyn cm~*. By contrast iron bodies are strong and 
usually do not fragment until they penetrate to <10km of the 
ground. The effective strength for an iron impactor” is 4x 
10°-2 x 10? dyn cm”. For an object entering the atmosphere at 
= 20kms~', aerodynamic stresses reach ~6 x 10° dyn cm™* two 
< scale heights up, exceeding most of the strengths cited above. 


-- A model for bolide deformation 

A right circular cylinder moving along its axis of symmetry 
makes a highly idealized but straightforward model of a deform- 
ing impactor. To represent a roughly equidimensional bolide, 
we choose a ‘cubical’ cylinder, taking its height h and diameter 
2r to be initially equal. We now consider the forces on the 
cylinder as it passes through the atmosphere. The front face 
sees a pressure p, = Cpp,v’/2. For a cylinder’, Cp ~ 1.7. Pro- 
vided that the sound travel time h/c (c is the sound speed in 
the object) is short compared with the time H csc 6/v for the 
impactor to fall through a scale height, stresses parallel to the 
axis should roughly be in hydrostatic equilibrium, with the axial 
stress at any point within the object being that required to 
decelerate the trailing mass. Thus the axial stress decreases 
~ > linearly from its peak value p, at the front face to some low 

value <p, at the rear face. 
_ The air pressure against the side walls is generally much less™ 
othan p, and except near the back of the cylinder is small com- 
-pared with the axial stress. As the cylinder descends into deeper 
“air, axial stress increases until elastic failure occurs. The cylinder 
flows outward, transversely to the direction of motion. Because 
„the driving pressure p, rises exponentially as the bolide descends 


























Density Mass Radius Velocity 

Object type (g em 3) (g) (m) (km s~*) 
iron 79 56x10" 22 15 
Stone 3:5 56x10 29 15 
Carbonaceous 22 56x10" 34 15 
SP comet 1.0 2.0 x101* 32 25 
LP comet 1.0 50x 10° 20 50 
Stone 3.5 5.6 x101 29 15 
Stone 35 56x10" 29 15 
Stone 3.5 5.6 x104 29 15 


always fastest there, although the most rapidly expanding ele- 
ments may be swept away by the flow. 


As a first approximation, we assume that the cylinder deforms “~_ 


globally to become a squatter version of itself. The average 
interior pressure is p,/2. Neglecting the confining air pressure — 
against the side walls, and assuming that the material strength 
of the cylinder has been exceeded, a global approximation to 
the force balance on the side walls is 

P l , x, dêr , 

(2arh)\GCpp,v*) =m a (5) 
where the inertial mass is identified with the mass m of the 
cylinder. Assuming that the density pm of the disrupted cylinder 
remains constant, h and m can be eliminated from equation 
(5), to give 

joey (6) 
dr“ 2 Pn 

This equation is functionally identical (differing by only a factor 
of order unity) to the analogous equation derived by Zahnle”” 
using a wholly different argument. Our finite-difference scheme 
solves equations (1)-(4) numerically, beginning at an altitude 
of 100 km, and calculating the decrease in altitude dh over a 
time interval dr according to dh = —{v sin 6) dt The atmos- 
pheric density p, is determined at each timestep by exponential 
interpolation from standard atmosphere tables’, Once the cen- 
tral pressure Cpp,v*/4 exceeds the object's strength, equation 
(6) is used to calculate the changing radius r and effective 
cross-section A = nr’. 


Numerical results 

Eight ‘Tunguska bolides’ are listed in Table 1. All cases corres- 
pond to an initial kinetic energy at h=100km of 15 Mton. 
(Objects lose different fractions of their kinetic energy before 
catastrophic disruption; for example, the 29-m stony asteroid’ 
entering at 45° has had its kinetic energy reduced by ablation 
and deceleration to ~10 Mton by the time it reaches 10 km 
altitude.) We compare five object types (iron, stony and car- 
bonaceous asteroids; and short- and long-period comets), and, 
for stony asteroids, four incidence angles (15°, 30°, 45° and 90°). 
All other objects are incident at @=45°. The three asteroids 
have initial velocities of 15 km s™', the median impact velocity 
for Earth-crossing asteroids*’. Incident comet velocities are 


25kms' and 50kms”' for the short-period and long-period... 


cases, respectively; again these are approximate median 
values”. Both comets are assumed to have strengths of 
10° dyn cm™’, one-tenth that of the carbonaecous body. 

Figure 1 compares energy release curves for the five kinds of 
object at @= 45°. Figure 1a shows the altitude profile of energy 
release in units of Mton high explosive equivalent per kilometre. 
The two comets are entirely ablated, whereas the stony objects 
lose most of their kinetic energy to deceleration, not ablation. 
Figure 1b shows cumulative energy loss (Mton) along the 
object’s path above the indicated altitude. 


Heat of ablation Yield strength 


(ergg) (dyn cm~?) 8 (km) 
8x10? 1x10? 45° 0 
8x19%° 141x108 45° 9 
5 x10'° 4x10" 45° 14 

25x10" 1x10 45° 23 

25x10 1x108 45° 29 
8x19°° 1x108 15° 15 
8x10? 4x10* 30° 11 
8x 191° 


110° 90° 6 





SP, short-period: LP, long-period. 


























he “Where the curves in Fig. 1a peak, objects have typically spread 
i “to ~5-10 times their initial linear dimensions. This greatly 
enhances both ablation and deceleration, but it is misleading, 
because equation (2) ceases to be valid before an object has 
spread to this extent. Equation ( 2) assumes that the fragments 
of the disrupted object may continue to be treated with a single, 
collective bow shock. At some point. the object spreads 
_ sufficiently for this approximation to break down, and the collec- 
tive bow shock dissolves into separate -bow shocks as the frag- 
ments: accelerate away from ¢ one a This effect is presum- 
i par a at what 






















adon radius areali fa 
3 colective bow-shock approxima 


pursi slander once an object has spre i to, say, 

radius, its further spreading happens sO o that an 
‘explosion altitude’ is defined to within a few kilometres, regard- 
less of whether the explosion is taken to occur then or when 
the object has spread to 5-10 times its initial radius. 

The weak, fast-moving, easily ablated comets do not penetrate 
the atmosphere very deeply. Neither approaches the altitude of 
‘the Tunguska explosion. Even if the comets had strengths com- 
parable to that of stony asteroids, they still could not fit the 
Tunguska observations. For example, giving the short-period 
comet a strength of 1 x 10° dyn cem”? leads to complete ablation 
by an altitude of 16 km. Nor does assigning a 15- Mton incident 
= comet an anomalously low asteroid-like velocity of 15 kms"! 

_. allow it to penetrate below ~16 km before it is completely 
ablated. Moreover, comets may be less. dense than. the lgem™ 
~ value chosen here; values as low as Pm =0.3gem™ may be 
possible. Such lower-density objects would airburst even 
higher. 
The carbonaceous object, stronger and stower than the comets, 
penetrates more deeply, but also explodes attoo high an altitude. 
If this carbonaceous bolide were to enter the atmosphere at 
~~ @= 60°, however, it would airburst. at an altitude of 11-12 km. 
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These parameters are at the limits of those allowed by treet 
simulations'®**. Similarly, granting a carbonaceous object t 
strength of a stony asteroid would allow it to penetrate to 
comparable altitudes. Therefore a carbonaceous asteroid, 
although unlikely, cannot be ruled out as an explanation of the 
Tunguska event. | 

The stronger, denser, stony object in Table 1 penetrates to 
~9 km above the ground, consistent with the Tunguska airburst 
altitude. Figure 2 shows the effect of impact angle on the 
explosion of stony asteroids. Results for four initial values of | 
8, 15°, 30°, 45° and 90° are given. The more nearly vertical an` 
object’s trajectory, the deeper it penetrates into the atmosphere F 
before catastrophic disruption. Values of @ much less t yan 30°. 
seem to be inconsistent with an explanation of the Tunguska 
object as a stony asteroid. 

The most probable fate for a 15-Mton iron object is impact 
with the ground. Its high density {small cross-section) and high 
strength favour its survival. However, 15-Mton iron objects with 7 
speeds much in excess. of the median value of 1Skms”' will | 
airburst before impact. Our simulations indicate that, although- 
it is possible for such an iron object to reproduce the Tunguska . 
event, an encounter speed in the range ~30-40 kms” E is 
required. This excludes ~90%. of known Earth-crossing asteroid | 
orbits’. These results are only weakly dependent on @. 

In summary, Tunguska was probably a fairly. strong, dense, a 
asteroid-like object, but probably not as strong or dense as iron. 
Carbonaceous asteroids and especially comets are ‘anlikely 
candidates for the Tunguska object. | 


‘Light nights’ over Eurasia | 
Widespread ‘light nights’ were observed? over Eurasia for the: 
first few nights after the Tunguska. event. Turco eral. i suggest 
three possible explanations: nightglow from NO,-O, reactions, 
dust; and noctilucent water clouds. The latter requi g injection. 
or deposition at altitudes > 50 km to take advantage of the strong 
easterly winds needed to account for the observed. graphical Hee 


























































range of the phenomenon”’. The effect has also been attributed® 
to the putative comet's tail, a less plausible explanation’. 

Tunguska was a ~15-Mton airburst at an altitude of roughly 
a scale height. The effects of explosion blast waves scale as the 
ratio of blast energy to atmospheric density*®. We therefore 
expect the Tunguska fireball to have reached a height above its 
airburst altitude appropriate to a ~15e =40 Mton nuclear sur- 
_ face burst. The fireball for a 40-Mton surface burst rises to an 
altitude’ of ~40 km. A rough estimate of the amount of water 
that could have been entrained by this fireball is TR? Hpu.o, 


_ Where R is the radius of the fireball when its pressure has 


_ dropped to the ambient value (several kilometres for a 10-Mton 
nuclear blast“), and pio the density of atmospheric water 
_ vapour (several times 107 p,). The result, ~10°° molecules HO 
_ injected to ~50km altitude, seems sufficient for noctilucent 
_ Clouds to be produced'’. The Tunguska explosion may have 
_ lofted enough material high enough to account for the European 
_ ‘light nights’. 


Other impacts and recent airbursts 
The model developed here for the Tunguska explosion may be 
tested for consistency with Meteor Crater in Arizona, and with 
the Tunguska-like explosions of the Revelstoke, Kincardine and 
other bolides. We consider these in turn. 
-Meteor Crater. Meteor Crater in Arizona was excavated ~10* yr 
ago by an iron object with a kinetic energy* of ~15 Mton. Our 
„model predicts that such an object disrupts so close to the surface 
that its fragments crater the surface as if from a coherent object, 
-= consistent with the appearance of Meteor Crater. 
- Revelstoke. In March 1965 a small bolide travelling at 6 ~ 15° 
- exploded 30 km above Revelstoke, Canada”, with an energy in 


<> the tens of kiloton range*. Examination of recovered material 


shows it to have been.a type I carbonaceous chondrite". (Largely 
unprocessed ~1 mm sized fragments were recovered from the 
Revelstoke site’’; only spherules of vaporized and recondensed 
material were recovered in the case of Tunguska’. Siderophile 
abundances in these spherules are consistent with extraterrestrial 
origin from a single object'’, but are insufficient to determine 
the type of the Tunguska object. No scientific expeditions 
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reached the Tunguska site until almost 20 years after the event: | 
it is not surprising that no other remnants of the object were 
found.) Microbarograph estimates of the explosive energy of 
the Revelstoke object range from 20kton (ref. 4) to 70 kton 
(ref. 45). | 

We model Revelstoke as a carbonaceous chondrite (as in 
Table 1), moving at 15kms~! with an initial kinetic energy of 
20 kton (corresponding to a cylinder of initial radius r = 3.8 m} 
and @ = 15°. Our simulation shows that such an object’s strength 
is exceeded at an altitude of ~33 km, giving maximum kinetic 
energy deposition to the atmosphere at ~32 km. 
Kincardine and other bolides. The Kincardine and College 
objects exploded over Ontario in 1966 and Alaska in 1969, 
respectively, each at altitudes just over 60 km. Explosive energies 
in the kiloton to megaton range are possible“, These objects 
therefore provide only weak constraints on our model. Our 
model does predict that long-period comets with kinetic energies 
in the tens of kiloton range should catastrophically disrupt and 
deposit the bulk of their energy just above 60 km altitude, so 
the fates of these objects are consistent with cometary airbursts. 


The fates of bolides 
The simple model for bolide deformation and catastrophic dis- 
ruption presented here is consistent with the fates and explosive 
energies of the Meteor Crater, Tunguska and Revelstoke objects, 
provided that these objects were iron, stony and carbonaceous 
asteroids, respectively. The Meteor Crater and Revelstoke 
bolides are in fact known from recovered material to have had 
these identities. Within broad uncertainties, the explosions of 
the Kincardine and College objects are consistent with the fates 
of long-period comets with kinetic energies of tens of kilotons. 
The fate of bolides in the Tunguska size range is strongly 
dependent on the nature of the object. Had the Tunguska object 
been a 15-Mton comet, far less surface destruction would have 
resulted, because of the much higher altitude of the airburst. 
Comets incident with tens of kilotons of energy explode so high 
in the atmosphere that they are scarcely noticed at the surface. 
Denser objects with higher material strengths are therefore 
necessarily more dangerous to surface life. E 
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WW ATER-VAPOUR maser emission at 22. 23508 GHz has been 
observed in star-forming regions of our own galaxy and in the 
-active nuclei of other galaxies’*. Mase mission. from active 
galactic nuclei is typically 10° times: more luminous than in our 
galaxy, and the active galaxies concerned always exhibit radio or 
-optical jets ejected from the nuclei. The superluminous masers are 
not well understood, but appear to be related to the mass outflow’. 
Using 16,000-channel spectrometers. at the Nobeyama 45-m radio 
_ telescope, we have found H,O maser emission in the nucleus of 
. the galaxy NGC4258, offset by + 1,000 kms™' from the motion 
of the nucleus itself. This is much higher than the typical velocities 
of galactic masers (less than a few hundred kilometres per second). 
“We suggest that the high-velocity maser emission in NGC4258 
> might be from masers orbiting a massive c ntral black hole, or 
ejected in a bipolar outflow. More intriguingly, the features may 
- ‘not be Doppler in origin, but due to up- : and down-shifted frequen- 
cies by Raman scattering in a dense plasma. Further high-resol- 
ution observations will be needed to distinguish between these 
l possibilities. 
Coo NGC4258 is a spiral galaxy at a distance of 6.6 Mpc (ref. 7) 
z with unusual 7- kpc-long bipolar jets or bubbles of radio con- 
< tinuum emission’. Extremely luminous water-vapour masers 
of ~100 times the luminosity of the Sun, Le (ref. 3), have been 
detected within 1 parsec (3x10! cm) of its nucleus®. Our 
_ observations of the maser emission were made from January to 
Hee June 1997 with the Nobeyana ‘ 45-m telescope. The detector was 
oe with a circular polarizer. combined t 2, ,048-channel acousto- 
optical spectrometers (AOS). We used an array of eight such 
~AOSs arranged to detect different frequencies, resulting in a 
total frequency range of 285 MHz and a velocity coverage of 
3,850 kms~'. The spatial resolution of the antenna was 74”. 
Figure 1 shows the spectrum of. H:O maser emission towards 
the centre of NGC4258. In addition to the known central features 
at the systemic velocity of the galaxy (corresponding to the 
relocity of its centre Vays = 460km s71), there are strong 
redshifted features with intensities of about one-half or one-third 






































FIG. 1 ‘Spectrum of H0 maser emission ‘towards the centre of NGC4258 
(right. ascension a=12h16min 29.36s, declination 6=47° 34’ 53”, in 
1950.0)" displayed from vise =—600 to 1600km s~, although the ob- 
served moiety range iS Visa=—1,200 to +2,650km s~*. No significant 
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of the main features at vse = 1,200-1,440 km s~? (where LSR. 
stands for local standard of rest) and weak blueshifted features: 
with intensities of about one-tenth at —300 to —460 kms‘. The 
velocities relative to the systemic velocity Wre” = Y gp“ Pyy) are 
740 to 980 kms”! and —760 to ~920 km s ', respectively. In the 
spectrum obtained in June 1992, another component al Usp = 
—~525kms! (V,a = ~985 km =) was detected, with a flux 
density of 59 mJy. No significant emission stronger than 51 mdy 
(30) could be recognized outside the velocity range in Fig. 1. 

The linewidth of individual components of the high-velocity 
features is AUpwum = 1-6 kms |. The features varied in intensity 
during the observing period. In the observed frequency range, _ 
no other molecular or recombination line has been detected Ste 
far in interstellar space. Molecular lines of HDO and HOCI 
are expected at frequencies corresponding to Dee = ~971 and 
912 km s`’, respectively, but these lines have not yet been detec- 
ted in space and must be very weak. These facts indicate that 
the extremely-high-velocity features are actually H,O maser 
emission from NGC4258. 

Spatial mapping of the H,O maser emission showed that the 
redshifted features lie within 12” (380 pc) of the nucleus of the 
galaxy. The blueshifted features were too weak for us to measure 
their positions. Furthermore, we have made very-long-baseline _ 
interferometer (VLBI) observations of the main Features and: of Pa 
the strongest redshifted feature at ty su = 1,322 km s ‘byt i 
the 45-m and the Kashima 34-m telescopes. The resulti i 
that the 1,322kms™ feature is located within £0.05" (21.6 pe 
from the main features. Z 

The isotropic luminosity of individual high-veloci y 
ponents is calculated to be L=0.1-6Le, which is compar a 
to the total luminosity of the most powerful maser source in ES 
our Galaxy, W49N, and the total luminosities of redshit fred and. 
blueshifted features are 23L and ILe, respectively. The total 
luminosity of the main feature is 101 ae 

Figure 2 shows the time variation of the flux densities and 
velocities at peak intensities for the strongest four redshifted 
components at tsr h, 290, 1,322, 1,385 and 1,435 km s`". The 
synchronized variations between the redshifted components in 
the flux and the peak velocity suggest that these maser com- 
ponents have a common pumping source and are distributed 
within ~0.1 pe each other. The variability of the shifted features 
does not seem to correlate with that of the main features. The 
linewidths of the components of 1,290, 1,322, and 1 435 hans”! 
remained nearly constant for half a year, indicating. saturated 
maser emission, but the line-width of the 1385 kms” 
component varied with the flux density, S, roughly as S™°°, 
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emission can be recognized outside the velocity range displayed. The upper 
scale is the velocity relative to the centre of NGC4258 (moving at 
460 km s~*), 





Suggesting an unsaturated maser. The variability of the blue- 
shifted features could not be measured, because their intensity 
was too low. E l 

Velocities up to +1,000 kms! are well out of the range of 
_ the rotation velocity (+250 km s~') of the galaxy NGC4258" and 

are much higher than any velocities known for molecular gas 
in our Galaxy or other galaxies (for example |/v/| = 200 km s~! 
‘for H,O maser in W49N''; 200-300 km s™ for CO in the galaxy 
M82"; 170 km s™' for OH in the galaxy NGC253"), The true 
velocities may be higher than the velocities measured in projec- 
tion. To explain such extreme velocities, we consider three 
_ possibilities. 
The first is that the masers are emitted from a circumnuclear 
molecular torus rapidly rotating around a compact massive 
` object, such as a black hole. Assuming a radius of 1 pe for the 
torus, a mass of 2x 10" Mo for the nuclear object can produce 
Keplerian motion at 1,000 km s™'. In this case, the explanation 
for the stronger main features, for which |v «| = 150 km s-', must 
match that for the weaker high-velocity features. 

The second possibility is that the high-velocity masers are 
emitted in molecular gas flowing out from (or flowing in towards) 
the nuclear region. If this is a bipolar flow perpendicular to the 
galactic disk, the outflow velocity becomes ~3,000 km s71, cor- 






















„outflow from the nuclear region of NGC4258 cannot be ruled 


`- studies’ of the galaxy reveal velocities as high as 600 kms", 
which have been interpreted as ballistic motions of 2,000 km s~! 
(after projection effects are taken into account). The bond 
strength of O-H in a water molecule is 119 kcal mol™' or 5.2 eV, 
corresponding to the kinetic energy of the molecule if it moves 


at only 7.4 km s™*. Thus for the molecule to survive rapid motion _ 


at ~1,000kms~' or ~3,000 kms™*, the molecular gas must be 


gradually accelerated, so that the conversion of the energy to 
the internal motion of molecule by external shocks is very 


small. The main maser features may have originated from the 


slowly rotating disk or from the outflow gas near the galactic 


nucleus. 


1,321 
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“tected for the inclination angle of the disk (72°)'*. Such a mass _ 


< out, because strong radio continuum emission and optical jets — 
_ or bubbles are emitted from the nucleus*'°!*-'’, indicating some 
outflow mechanism at work in the region. Recently optical | 







The third possibility is that the shif features are not due 

to the Doppler motion of the gas but. to stimulated Raman 
scattering of the main features. Stimulated Raman scattering in. 
a plasma has been investigated in terms of forward scattering 
shock waves”? and (recently) backward scattering"! and the _ 
results have been applied to high-velocity features of water 
masers. If the maser radiation of the main features intersects 
dense, plasma-like, compact ionized regions, the stimulated 
Raman scattering in the plasma (due to nonlinear interaction 
between the longitudinal and transverse waves) is expected to 
produce additional waves with up- and down-shifted frequen- 
cies, which are separated by the plasma frequency from the 
original one. Although the shifted maser could also produce 
emission at a frequency separated from the main features by 
twice the plasma frequency, no significant emission stronger 
than 31 mJy (30) is found at vi sr = 1,940-2,420 km s™! [ve = 2X 
(740-980 km s~')]. Deguchi? has made a detailed quantitative 
analysis of stimulated Raman backward scattering for the 
astrophysical conditions. According to his calculations, it is 
possible to create the Raman instability in plasma with an 
electron density of ~10’ cm™* (the value for the extragalactic 
masers), overwhelming the loss of photons due to free-free 
absorption. p% 

The bidirectional collimated ejection in the nuclear region of _ 
NGC4258, indicated by radio continuum and optical jets, 
favours the second possibility, whereas the symmetry of the. 
shifted maser features with respect to the central velocity favours < 
the model of stimulated Raman scattering. The bipolar outflow 
model does however raise the question of how molecules can 
survive in a strong shock in a medium with the extremely high 






velocity of 21,000 km s™' (for comparison, the sound velocity 


in interstellar space is only a few kilometres per second). The 


_ stimulated Raman scattering, on the other hand, requires some 
special conditions. For example, the efficiency of the production 
_ of scattering photons must be unusually high, 0.01-0.1, in the 
dense plasma. To. produce the blueshifted (higher-frequency) 


features with observed fluxes, another maser beam must interact 
with the main maser at an intersecting angle of nearly 180° (ref. 


21). The models must account for the absence of significant 


maser emission (<51 mJy = 3a) between the main and shifted 





FIG. 2 Time Variation of the flux. densities (a) and the velocities at peak 
intensities (b) for the strongest four redshifted components at Vise ™ 1,290, 


1,322, 1,385 and 1435km's~*. Although the relative strengths of these 


_ components varied, the absolute flux densities of all components generally 


decreased during January to June. This trend does not seem to correlate 
with the variability of the main features. The peak velocities of all four 


<> components also shifted by ~1kms* from January to April and were 
almost constant from April to June. | 




















- features, Further anod (especially VLBI) and Geari: 





investigations are required to discriminate between models 


of the extremely-high-velocity features. Results for other 


alaxies, such as NGC3079, will be reported elsewhere. EJ 
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a PULSARS that a are members of binary sjstems in globular ‘ies 
are all rapidly rotating, and it is assumed that they have been 
„spun up by accretion from binary companions. Here we report an 


T exception: PSR1718— 19, in the globular cluster NGC6342, i is in 
a 6.2-hour eclipsing binary system, but has the relatively long 
í ` period of 1s. Its magnetic field is strong, ~10"?.G, and its spin- 
down: age is small, ~10 Myr. Furthermore, the mass of its com- 
panion is only 0.1-0.2 solar masses (Mc). The eclipses. show that 
the binary system is embedded in a cloud of material which must 
have been ejected from: the companion star, although calculations 
suggest that the comp ion is well inside its Roche lobe. The 
_ pulsar’s radiation may be causing expulsion. of material beyond 
the Roche lobe, as in the. ablating binary systems containing 
"= PSR-1744—24A and PSR1957 + 20, even though the incident flux 
at the companion is orders of magnitude smaller than in these 
cases. Pulsars may therefore have a much greater influence on 
their companions than has been supposed. 

The binary radio pulsar PSR1718— 19 was discovered in 1990 
in a survey of globular clusters at Jodrell Bank'” at a frequency 
of 610 MHz. Subsequent measurements were carried out with 
the 76-m Lovell telescope at frequ necies between 408 MHz and 
1,660 MHz. Arrival times were obtained by convolution of the 
pulses with an. appropriate template and then corrected for the 











© Earth’s motion using the JPL DE200 barycentric ephemeris’. A 


<. simple model for the pulsar period, ‘period-derivative, position 
«and binary motion was fitted to the barycentric arrival times? 
(Table 1). 

: inal is ina Oy short rt period, areolar orbit. pata 







o major a axis dp sin i, , and the orbital nN 


Pem ya tt la p Sin i)’ _ (m, sin i)” 
pm G PE (mi +m)? 
= 0.000706 Mə (1) 


where subscripts p and c refer to the pulsar and companion 
< respectively and i is the unknown inclination angle of the orbit 
to the plane of the sky. Although the inclination angle cannot 
be determined, the a priori probability that it is less than ig is 
1 —cos iy. Therefore, if we assume that the pulsar has the canoni- 
cal neutron star mass of m, = i 4Mo5, m, must be at least 
— 0.12 Mo and has 95% probability of being less. than 0.43 Mo. 
-The corresponding separation of the objects, a = ap + a,,is about 
ee LEX 10: km and i is almost independent of inclination. 








During the course of the confirming observations, it became 
clear that the flux density of the pulsar was varying throug hout : 
the orbit, apparently because of partial eclipse by material — 


associated with the companion star. The form of the eclipses -> 


was determined at 408, 606, 1,404 and 1,660 MHz. The results, 

averaged over several orbits at each frequency, are summarized 
in Fig. 1. Although the eclipse is only partial at the two highest 
frequencies, so that the pulses are observed throughout the orbit, 
strong pulses are seen for only about one- quarter of the time at 
606 MHz, close to phase 0.75 when the pulsar is nearest to the 






Earth. There was only a weak detection at 408 MHz, again at- 


about the same. phase. The lack of any hard eclipse at high 
frequencies suggests. that the eclipse is due to scattering or 
absorption of the radio waves as they pass through tonized 
matter surrounding. the companion star. Although the spectral 
index at phase 0.7, close tothe maximum, is about ~2.0 between 
606 MHz and 1,660 MHz and typical of most pulsars, at 
408 MHz the flux density i is. actually less than that at 606 MHz 
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FIG. 1 a, Timing residuals for PSR1718—19, obtained assuming the simple 
slowdown model given in Table 1, plotted as a function of orbital phase. 
The advance and retardation of the pulses can be seen as Peia oris- 
the companion at phase 0. 25. b-e fais overased Soe flux 


function of orbital phase at frequencies of 1,660, 1,404, 606 and 4 i ae po 
respectively. 











TABLE 1 Measured and derived parameters of the PSR1718~19 system 


Epoch (MJD) 48,147.5 

Pulsar period, P 1.004037129 + 0.000000001 s 
Pulsar period derivative, P (1.59 + 0.02} x 109745 
Dispersion measure, DM 71.0+40.2 cm? pc 

Right ascension (1950.0) 17 hr 18 min 04.76s20.165 
Declination (1950.0) —19°33'18" + 18” 

Projected semi-major axis, a, sini 352.6 + 0.8 light ms 

Orbital period, P, 22,314.83 + 0.02 5 

Eccentricity, e 0.005 


Assumed longitude of periastron, w 0.0° 
Time of ascending node (MJD), 7, 48455.0237 + 0.0001 days 


Peak flux density at 408 MHz 0.7 mJy 

Peak flux density at 606 MHz 1.3 mJy 

Peak flux density at 1404 MHz 0.36 mJy 

Peak flux density at 1,660 MHz 0.26 mJy 
Pulsar characteristic age, 7,.=P/2P 10x10 yr 
Pulsar surface magnetic flux, B 1.5x10!7q 
Mass function, f(m,,m,) 7.06 x107* Ms 
Companion mass, m, 20.12 Ms 
Pulsar-companion separation, a ~1.4*10% km 
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and is lower than the extrapolated spectrum by a factor of about 


4 (Table 1), indicating that strong absorption or scattering is 
occurring even when the companion is on the far side of the 
pulsar. This and the long duration of the eclipse at low frequency 
require that this material extends well beyond the pulsar and 
of course the companion’s Roche lobe, the region within which 
matter is gravitationally bound to the star. 

Although Roche-lobe overflow from the companion star seems 
the most likely source of this material, there is a problem. The 
radius R, of the Roche lobe is given by’ | 


0,494 


“0.6 +(m,/ m)” *Iin(1+(m,/ my >) 


(2) 
If the companion is a main-sequence star, then its radius R, is 
approximately given byf R./Re=m./Mo. The eclipses show 
that i= 45°, in which case the ratio of R., to R, is 20.4, so that 
the surface of the companion is well inside its Roche lobe and 
there should be no significant mass loss. If the companion is a 

=. helium main-sequence or white dwarf star, it will have an even 

`- smaller radius for a given mass and the conclusion remains valid. 

One possibility is that the eclipsing material results from the 

- ablation of the surface of the companion star by radiation from 

> the pulsar, derived from its spin-down energy’. This has been 

proposed to explain the eclipses seen in the two other eclipsing 
pulsars with low-mass companions, PSR1957 + 20 (ref. 8) and 

PSR1744-24A (ref. 9). 

In the case of PSR1718 ~ 19, however, the pulsar has compara- 
‘tively little kinetic energy, and in particular, the present pulsar 
` rotational energy loss rate of E = {wœ provides a maximum 

energy flux density at the companion star of only 3x 
10° ergs ' cm, assuming a moment of inertia J = 10% g cm? 

_ for the neutron star and that the energy is radiated isotropically. 

_ This is many orders of magnitude less than that of PSR1957+ 20 

_ and probably about two orders of magnitude less than our best 

< estimate for that of PSR1744—24A, although P is unknown 

because of gravitational contamination by the cluster. The 
energy flux of PSR1718 —19 at the surface of the companion is 

o- a few orders of magnitude below the critical flux Fo, = 

10''—10'* ergcm™? necessary for substantial swelling of the 

_ companion due to irradiation’®. This flux may be enhanced by 

© beaming effects, but would still be insufficient to achieve Fon. 

_ It does seem, however, that Roche-lobe overflow is taking place, 

- and that pulsar radiation is responsible and may play a much 

- farger role in determining the evolution of companion stars than 

`- previously thought”, 























“There is substantial evidence that the pulsar is associated with 
the globular cluster NGC6342. The pulsar lies within about 2.3 


arcmin of the centre of the target cluster, well within the tidal < 


radius of 9 arcmin, although it is outside the core radius"! of 
8 arcsec. The cluster is believed"! to be 11.6 kpc away, at galactic — 
latitude b= +9.7°, and its distance above the galactic plane is 
about 2 kpc. Observations of other pulsars in globular clusters 
show that the layer of ionized gas causing dispersion extends 
to only about | kpe (ref. 12) and gives a total dispersion measure 
contribution of DM = 20/sin b cm™ pc. In this case, the expec- 
ted DM is therefore ~120 cm™* pc, a little high but reasonably 
consistent with the observed value of 71 cm™* pe, given the large 
spread of DM sin b in other clusters. Furthermore, the propor- 
tion of pulsars with binary companions is two orders of magni- 
tude greater in globular clusters than in the galactic disk. In 
conclusion, the position, distance and binary nature all suggest 
that the system is probably associated with the cluster. 

The measured period derivative of PSRi718~19 gives a 
characteristic age of ~10 Myr. In the absence of any accretion, 
this is generally accepted as being an upper limit to the age of 
the pulsar*, indicating that the pulsar is young compared with 
other globular cluster pulsars. The large value of P also indicates 
that the pulsar has a surface magnetic flux density of 1.3 x 10° G, 
about two orders of magnitude greater than any other cluster 
pulsar and more typical of pulsars in the galactic plane. At its 
distance from the cluster core, any contribution to the period 
derivative from acceleration in the cluster gravitationa! field is 
negligible’. 

What is the origin of this unusual system? Because star forma- 
tion and hence the formation of neutron stars by supernova 


collapse in NGC6342 ceased long ago, the apparent youth of 


the pulsar suggests that a major event has occurred at some time 
during the last 10 Myr. The large 1-s spin period is close to its 
equilibrium value®, suggesting Eddington-limited acctetion at 
some time in the near past. The most likely formation path 
therefore seems to be collision of an old neutron star with a 
main-sequence star ~10 Myr ago, leading to catastrophic mass 
transfer to the neutron star and considerable loss of matter from 
the system. An alternative is that the neutron star was in fact 
formed recently, in the accretion-induced collapse of a white 
dwarf following accretion from a lower-mass companion®", 
Such a collapse is accompanied by sudden mass-loss, giving the 
system a velocity impulse which could result in ejection from 
the cluster core. Any orbital eccentricity produced by the col- 
lapse must have been subsequently removed by tidal forces. 

If PSR1718—-19 is not located in the globular cluster, then 
the neutron star is probably young and the system’s origin could 
be similar to that of the Her X —1 system. In this scenario (ref. 
6 and references therein), the system evolved from a close binary 
system consisting of a ~15M a star and a ~2 Ma star. The more 
massive star evolved and expanded in its giant phase, resulting 
in acommon-envelope phase that reduced the orbital separation, 
and then underwent a supernova explosion without disrupting 
the system. Finally, in the PSR1718 — 19 system, the orbit was 
circularized and reduced to such an extent that the pulsars 
radiation could cause substantial mass loss from the companion. 

If the pulsar is a rejuvenated old neutron star, the large 
magnetic field suggests that there has been little or no decay 
from its original value, lending support to work suggesting the 
field decay may not occur'*'’, in contrast to other evidence'**”, 
On the other hand, if it is a galactic pulsar or if it were formed 
by accretion-induced collapse, it may be young and the large 
magnetic field would not be as surprising. . E 
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REACTIVE chlorine compounds are known to cause ozone depletion 
- in the Antarctic stratosphere, but they can be bound into an inactive 
form through reactions with nitrogen dioxide. In the spring, NO, 
can be converted to a long-lived reservoir species, HNO,, on the 
surface of polar stratospheric clouds'?. This removes NO, from 
= < the stratosphere and allows chlorine-cictalyaeil ozone destruction 
to proceed. It has been suggested that similar reactions may take 
place on background sulphate aerosols in the Antarctic strato- 
sphere’, but as yet there has been no unambiguous evidence for 
© these reactions in the absence of polar stratospheric clouds 
(although there have been observations of ozone loss attributed 
to volcanic aerosols**). Here we present measurements of Antarctic 
stratospheric NO, and HNO, concentrations taken in 1991. Our 
results demonstrate that reactive nitrogen. was converted to HNO, 
. in autumn, before temperatures were low enough for polar strato- 
. spheric clouds to form. We conclude that heterogeneous chemistry 
on background aerosols was responsible for this conversion, which 
brought with it the potential for- additional ozone loss in the 
autumn. 
Antarctic ozone depletion is believed to be dominated by 
reactive chlorine in the stratosphere participating in a catalytic 
-cycle involving the CIO dimer, Cl,O; (ref. 6). The importance 
_ of NO, in the Antarctic stratosphere stems from its influence 
on the partitioning of chlorine between the reactive form, CIO, 
and the less reactive form, chlorine nitrate, CIONO, (see for 
-example ref. 7): 







ClO+NO,+M = CIONO; +M (1) 


Here we examine seasonal changes in NO, and in its long-term 
-storage reservoir, HNO. Figure 1 shows the history of vertical 
_ column NO, during 1991. The data were acquired using ground- 
= based differential absorption spectroscopy at Arrival Heights, 
©: Antarctica (78° S, 167° E). In autumn, there is a progressive loss 
=c of NO, as the nights grow longer. When the Sun first reaches 
solar zenith angles greater than 95° near day 55, continuous 
daytime photolysis of NO, ceases, allowing the oer of 
N20s through the reactions 


NO,+0,> NO, +0, i Dae“ A 2 
ee NO, + NO; > N30; (3) 
E =- VOL 361 - 7 JANUARY 1993 



































































NO, column amounts remain low during winter and in th 
springtime polar vortex, and later in spring gradually recove 
to their summer maximum values. Superimposed on the general 
slope of the springtime recovery are large cyclic increases in 
NO., which are a consequence of planetary wave activity movmg 
the NO, and ozone depleted vortex away from the observing site. _ 

In January 199] a Fourier transform infrared spectrometer 
(FTIR) was installed at the Arrival Heights laboratory to . 
measure HNO, in absorption, and in particular to observe the. 
behaviour of the nitric acid column in autumn as the Sun left 
the polar cap. Measurements were made throughout the year 
as conditions permitted. Data were analysed by comparing 
observed and synthetic spectra for the r; bands of HNO; in the 
866 cm | to 870 cm”! spectral region, where there are seven well - 
defined manifolds of HNO, and an absence of other absorbers. 
Synthetic spectra were generated using the latest line strengths 
available (A. Goldman, personal communication) and ray 
tracing through a multilayer model of the atmosphere. 

Results of the autumn and spring nitric acid measurements _ 
are shown in Fig. 2, together with total column ozone data. It = 
can be seen that during autumn there is a steady increase in the 
HNO, column amount, followed by a decline over winter and 
a recovery in late spring. The conventional understanding of 
nitric acid photochemistry is that HNO, is produced by the 
reaction of NO, with OH, and destroyed by photolysis and by ` 
reaction with OH. In the Antarctic stratosphere, the lifetime is 
likely to be many weeks. As autumn progresses, the gas-phase 

model predicts no substantial increase of HNO, (refs. 8,9). A 
simulated conversion of N-O, to HNO, on background ee: 
however, shows column nitric acid to increase between days 5 
and 75 in autumn by about 3.0 10'* molecule cm”? (ref. Ps 
Those calculations also show that the overnight decay of NO, 
at Arrival Heights agrees best with the model when the effect 
of background a is included. A straight-line fit to the 
nitric acid data of Fig. 2 present between day 55 (when NO, 
formation starts) and the end of the season shows a rate of 
increase in the column amount that is very close to the model 
calculations above. The NO, and HNO, data of Figs | and 2o 
are therefore consistent with the view that the autumn increase 
in HNO, is due to a surface-catalysed reaction on background — 
aerosols'” Oe 


N-O; (g) + H;0 (s) > 2HNO, (g) TE 


Laboratory work has shown that the N O, uptake in this reaction 
is surprisingly fast, and fairly insensitive to the sulphuric acid _ 
concentration in the aerosol or the temperature”. Perhaps more =. 
important for data interpretation, the nitric acid is believed to 
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NO, column (10 


Day number, 1991 


FIG. 1 Three-day running averages of NO, vertical column amounts for 1994. ‘ 
in units of molecules cm™~. for ee ae parla when: the Suns is at 


in this overnight decay of NO. is best fitted by model: es 
effects of reactions on paga aie aerosols are onai bs sts a 





_ be returned to the gas phase'?, and is therefore measurable using 


ground-based FTIR techniques, unlike heterogeneous reactions 
on polar stratospheric cloud surfaces in the Antarctic spring 
where HNO, can be sequestered in the solid phase. By the end 
of autumn, then, most of the NO, can be expected to be in the 
form of nitric acid. By the beginning of spring, the column 
amount of HNO, has fallen to ~1.6 x 10'* molecule cm~’, about 
-half the value at the end of autumn, The temperature at 20 km 
-altitude on day 240 was 186 K (ref. 13). Our interpretation is 
“that gas-phase HNO, has by that time been sequestered in the 
_ condensed phase by heterogeneous reactions on polar stratos- 
pheric cloud surfaces, forming nitric acid trihydrate as tem- 
peratures fell below 196 K in winter 


HNO; (g)+ H20 (g)> HNO;-3H,0 (s) (5) 


it is probable that a substantial fraction of nitric acid has not 
only been lost from the gas phase, but also removed from the 
stratosphere by the growth and subsequent sedimentation of 
aerosol particles. Evidence of such ‘denitrification’ is provided 
in Antarctic measurements from aircraft'*'’, Figure 2 shows 
that for spring there was a cyclical pattern of peaks and troughs 

‘in both O, and HNOs, with peaks for example near days 260 

_and 275. The peaks also correlate with high NO, values, so our 

assumption is that in these episodes we are measuring lower- 

latitude air as the denitrified polar vortex moves away from the 

‘site under the influence of planetary wave activity, as has been 

demonstrated with previous NO, data'®. The nitric acid amount 

<: as measured inside the vortex reaches its lowest levels of ~1.1 x 

10 molecule cm™ near day 287, and it can be seen in Fig, 2 
_ that this coincides with minimum ozone amounts of about 
~~ 140 Dobson units (DU). The HNO, column amount measured 
inside the vortex is in close agreement with values observed in 
1986 (ref. 17), and a little higher (within the errors) than that 
recorded from the Arrival Heights laboratory in 1987. Consider- 
able variability can be expected during spring and from year to 
year, both because the location of the vortex varies with respect 
to the observing site, and because of the large horizontal gradient 
in HNO, across the vortex edge’, 

As spring progresses and the days lengthen, the O, and NO, 
column amounts recover, and at the same time there is a steady 
increase in the column amount of gas-phase HNO,. Some of 
this increase can be attributed to the evaporation of remaining 
nitric acid from the condensed phase as temperatures rise. This 
process is augmented by its three-body production from NO, 

= and OH, and is in competition with destruction by photolysis 



















NO,+OH+M->HNO,+M (6) 
HNO, + hv > OH + NO, (7) 


>H is thought, however*', that the lifetime of HNO, against 
photolysis in the cold Antarctic stratosphere is many weeks. 
Changes in HNO, during late spring are also likely to be due 
to meridional mixing as the vortex begins to break up. __ | 
Long periods of cloud cover hindered data acquisition during 


the 1991-92 summer period. The limited data show, however, 
that nitric acid amounts at the end of December 1991 and in 
mid-January 1992 were ~2.0x 10! molecule cm’, consistent 
with the measurements for January 1991. The 1991 autumn 
: measurements were made before the eruption of Mount 
_ Pinatubo, so we can discount the effects of heterogeneous 
_ chemistry due to an increased volcanic aerosol loading as ob- 
< served at lower latitudes”. By the end of September, however, 
_ there was evidence of volcanic aerosol in the polar vortex”, 

- The significance of the data lies in the way that odd nitrogen 
is partitioned in autumn in the long-lived reservoir of HNO , 
father than the temporary reservoir of N.O,. In the Antarctic 
lower stratosphere, for solar zenith angles typical of late autumn 
_and early spring, the lifetime of HNO, against photolysis is 





-reduction in the ozone column 


many weeks, whereas that of N-O; is a few days”. Conversion 
of NO, to HNO, therefore effectively removes NO., from the 
atmosphere and thus its potential to lock up chlorine in a- 
nonreactive form. We believe that the consistently low values | 


of HNO, measured inside the vortex in spring (Fig. 2) result - 


from conversion of HNO; from the gas to the solid phase, 
probably accompanied by loss from the atmosphere altogether 
by sedimentation. The very low values of NO, observed at the 
end of autumn and the beginning of spring imply that the NO, 
reservoir is almost empty, with the remaining fraction lying at 
altitudes above the ozone depletion region. An accelerated loss 
of NO, through aerosol chemistry is therefore likely to increase 
the rate of ozone reduction in autumn, but have little effect in 
spring when ozone losses will be dominated by heterogeneous 
reactions on polar stratospheric clouds in the lower stratosphere. 
We therefore argue that aerosol chemistry in Antarctica will, 
through its added influence in autumn, contribute to both the 
extent and the duration of the annual ozone depletion. 

The consequences at mid-latitudes of NO, reduction through 
aerosol chemistry are difficult to assess. Any ozone depletion is 
likely to be small, however, because despite the huge increases 
in reactive surfaces provided by the Pinatubo aerosol, which 
resulted in a mid-latitude loss of 20% NO,, there was no apparent 

In this analysis we have not attempted to quantify the role 
of chlorine chemistry in the partitioning of NO,,. Heterogeneous 
conversion of CIONO, and HCI to HNO, is likely to be un- 
important on background aerosols'', whereas conversion of 
N0; to HNO, by reaction (4) is likely to be important. 

We conclude that the build-up of the HNO, column in autumn 
is consistent with NO, uptake on background aerosols, and 
that the loss of HNO, over winter is consistent with reactions 
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FIG. 2 Nitric acid vertical column amounts in units of molecules em”? derived 
from direct-Sun FTIR observations in the 866-870 cm™* spectral region, 
and the approximate ozone column obtained from scattered sunlight 
measurements at twilight. We attribute the steady increase in nitric acid 
during autumn and the reduction during winter to the effects of 
heterogeneous. chemistry. Wave-driven variations in the ozone column in 
spring can be seen to correlate with those in the HNO, data. We have taken 


the HNO, vertical profile for 65° S in May from the LIMS satellite results??, 
autumn temperatures from the May 80° S zonal mean climatology of Barnett 
„and Corney**, and springtime temperatures from balloonsonde flights*. 


Errors could be. introduced by inaccurate assumptions made in obtaining 
the vertical profiles. of temperature, pressure and nitric acid and by uncer- 
tainties in the line parameters, although sensitivity tests of retrievals using 
LIMS profiles for January and May with appropriate temperature and pressure 
data show a change of only 1%. As a further test, we used a greatly 
perturbed nitric acid vertical profilet? for spring in which HNO, was removed 
between 15 and 20km. Temperature data were taken from ref. 24. With 
this profile, HNO; column amounts are ~17% lower than with our ‘standard’ 
profile, so that an autumn/spring offset of this magnitude could conceivably 
result from inadequate knowledge of the actual HNO, vertical distribution. 
in general we estimate that sources of error in the retrievals limit the 
precision to about +10% but that the absolute errors, taking into account 
uncertainties in the line parameters, are more likely to be of the order 
of 15%, 

















occurring on polar stratospheric clouds. Because of the import- 
-ance of coupling between depleted NO,, elevated ClO, and 
ozone loss, we suggest that the data have significance in the 
vider. global context, even though mid-latitude ozone loss 
hrough background aerosol chemistry has not been demon- 







- strated directly. CI 
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NUMERICAL simulations based on general circulation and energy- 
balance models consistently indicate that the high latitudes of 
Gondwana experienced seasonal extremes in climate during the 
Late Permian period’’. But palaeogeographic maps based on the 
_ distribution of climate-sensitive rocks“, palynological and 
_. palaeobotanical data*® and dicynodont fossil records’ all imply a 
~~ temperate climate. The reason for this discrepancy has not been 
`. clear. Recently, it has emerged from studies of Upper Permian 
- fluviolacustrine deposits throughout southern Africa that the 
geography was dominated by a series of giant lakes, perhaps 
interconnected within major fluvial frameworks”. Here I review 
these data and their implications for a temperate climate. I suggest 
that the discrepancy between the climate modelling results which 
indicate seasonal temperature extremes, and the increasing body 
of geological information documenting a temperate climate, may 
be explained by the fact that the palaeogeography used in the 
models does not take into account the existence of these lakes and 
rivers, which would have had a major influence on the regional 
_ climate. The results demonstrate the importance of incorporating 
accurate palaeogeographies into numerical modelling studies when 
attempting to reconstruct past climates. 
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At the palaeolatitudes of southern Africa during the Late. 
Permian, general circulation model (GCM)-based simulations 
show summer temperatures above 40°C, winter temperatures - 
below —30 °C, and surface temperature ranges of >50°C (ref. 
1). Community circulation (CCM)-based simulations indicate 
60°C summers and —42°C winters”, Energy balance model 
(EMB)-based simulations produce >45°C summers and 
<-20°C winters’, But palaeoclimate reconstructions for 
southern Gondwana based on evidence from sedimentary 
deposits indicate otherwise. The distribution of climate-sensitive 
rocks indicates that there was a humid belt at the palaeolatitudes 
of southern Africa’, and the palynofloral distribution indicates 
that it lay between palaeolatitudes 45° and 60°S (ref. 5). A map 
of plant distribution based on palaeobotanical data suggests 
that the Late Permian ‘Glossopteris biome’ was comparable to 
the modern ‘cool temperate’ Biome, which consists of 
deciduous angiosperm forests in temperate high latitudes where 
average daily temperatures are > 10°C for at least one-third of 
the year’. Therapsid fossil distribution also suggests a temperate, 
moist climate at higher palaeolatitudes in Pangea . The macro- 
and microflora from Upper Permian deposits in southern Africa 
are dominated by Glossopteris, which formed monospecific for- 
ests or woodlands along river banks and on elevated grounds”. 
The genus Glossopteris consisted of arborescent and herbaceous 
plants with roots adapted for growth in semiaquatic environ- 
ments'!. Conspicuous growth rings in roots, trunks and > 
branches, as well as periodic leaf falls, record the seasonal, ~ 
frost-free growth patterns of deciduous plants'*"’. 

The climate extremes suggested by the physical models wouid 
hav rendered southern Africa inhospitable for both animal and 
plant life, yet fossils of the most diverse and prolific terrestrial 
vertebrates, the mammal-like reptiles dicynodonts, are found in 
South Africa, Zambia, Zimbabwe, Malawi and Tanzania’”. 
These mouse- to bear-sized herbivores subsisted on Glossopteris 
foliage, ferns, low-lying conifers and roots in flood plain and 
lake shore environments’’. It has been suggested? that seasonal 
migrations could explain their presence, but this hypothesis is 
untenable. Dicynodonts, with their small body size, sprawling 
reptilian gait and lack of internal thermoregulatory mechan- 
isms'*, would have been unable to migrate over long distances. 
The geological record does not suggest extended migration of 
dicynodonts or other Late Permian therapsids, sites of dicyno- 
dont remains within Gondwana are primarily restricted to 
southern Africa’'*®, Distant sites in Asia and Europe where 
comparable faunal remains have been recorded” are unlikely 
seasonal refuges for dicynodont herds. The presence of contem- 
porary amphibians, such as the labyrinthodonts’ ’, shows that 
temperatures must have been moderate and water bodies present 
year-round, as migration would not have been an option. 
Although unusual semi-fossorial habits have been reported (for 
example Diictodon)'*’, there is no definitive evidence for 
underground aestivation or hibernation among dicynodonts. 
Rather than invoking preservation bias or seasonal occupation 
of the habitat to explain the geological record, we should rule 
out the freezing winters and torrid summers simulated by the 
climate models’ ™>. 

Palaeoclimatic signatures preserved in Upper Permian 
sedimentary sequences from southern Africa corroborate those 
from the fossil record. The known extent of the fluvial and — 
lacustrine deposits (Fig. 1) suggests the existence of concurrent, 
possibly interconnected, giant lakes throughout the subcon- 
tinent®. Whereas fluvial-dominated deposits formed in foreland 
basin settings’? at the southern edge, lacustrine-dominated 
deposits accumulated in settings of low relief, broad warping 
and mild faulting’' at the northern end. These deposits 
thousands of miles inland from the nearest sea, indicate a period 
during which vast lakes developed. I will next evaluate thi 
climatic conditions needed to sustain this uniquely wet environ-. 
ment at the heart of a supercontinent. o 

The dominantly clastic (shales) and 
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FIG. 1 Sketch of known surface and subsurface 10° S 

extent of Upper Permian fluviolacustrine deposits - 
in southern Africa. See ref. 8 for source. (For 
comparison, Lake Victoria, the largest lake in 
Africa, has a water surface of 68,000 km?, roughly 
the area of Ireland.) inset: location of Upper Per- 
mian sequences referred to in Table 1. (1) Karonga 


o 
and Mt Chombe, Chiweta (northern Malawi), (2) 2° S- 
Tukuyu, Iilima and Ngana Hills (southern Tanzania), 
(3) Luwanga Valley, northern Zambia. 
30° S- 


(carbonates) deposits in northern Malawi, southern Tanzania 
and northern Zambia” suggest that deposition took place in 
shallow lake basins which were relatively hydrologically open 
and in deeper lake basins which were relatively hydrologically 
closed. Minor siltstones, subarkoses and arkoses are interbedded 
within grey, greenish and black shales. The unbioturbated shales 
contain rhythmites including seasonal varves. The clay mineral 
assemblage predominantly constitute illite and chlorite: smectite 
is absent or occurs in minor quantities as interlayers. The pollen 
flora is dominated by striated bisaccates and polyplicates, and 
monosaccates which correlate with the Striatiti pollen zone”? of 
Permo-Triassic (Lower Beaufort) sequences in southern Africa. 
Similar sedimentological attributes are recorded from equivalent 
sequences throughout southern Africa® and even from further 
south in Antarctica (~80-85° S palaeolatitudes)*. Sedimentary 
features in modern lacustrine depositional settings comparable 
to those found in the Upper Permian sequences are summarized 
in Table 1. The integrated climate record of the biotic and 
sedimentological data suggests cool, temperate, humid, seasonal 
climate during Upper Permian deposition in southern Africa 
(~55-60 °S) and beyond. 

The areal extent of Upper Permian deposits in southern Africa 
alone, not to mention in Gondwana in general, cover several 
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million square kilometres. Such depositional settings could not 
have existed under the temperature extremes and humidity 
(annual precipitation minus evaporation of 0-1 mm day~')! 
simulated by the models. The unique Late Permian palaeo- 
geography does not feature in any of the current physical climate 
models, usually on the grounds that dimensions of unit cells 
used in sensitivity experiments are too large to include such 
details, or that the geography is a result of ‘microclimate’ influen- 
ces. Both of these arguments are invalidated by the geographical 
extent of fluviolacustrine deposits in southern Gondwana. 

To justify the simulated climate extremes, the extreme sea- 
sonal temperatures currently experienced in Canada and Siberia 
have been invoked’. The high latitudes, low-lying continental 
interiors, cratonic tectonic setting, predominant metamorphic 
terrains, coniferous vegetation stands and extensive lakes may 
indeed be comparable to the Late Permian palaeoenvironments, 
but the climate-responsive sedimentary record from the lake 
deposits demonstrates that the analogy ends there. Summer and 
winter temperatures in the Canadian interior are generally 0- 
22°C and —10-28°C, respectively, but summer maxima of 
>40°C and winter minima of <~—40°C have been recorded 
locally**. The northern Great Plains of western Canada (50°- 
60° N) contain more than one million fresh, brackish and saline 


Winter surface temperature 


30° S 


FIG. 2 Palaeoenvironmental reconstruction for 
southern Africa during the Late Permian. Shown 
are palaeogeography**, geomorphological feat- 
ures during late Early Permian time*”, vegeta- 
tion® and some major known sites of dicynodont 
remains. Note isotherms for numerically simulated 
summer and winter surface temperatures** 
(in °C). 


60° S 
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TABLE 1 Indications of temperate climate 










; tratigraphy The Upper Permian-age Mt Chombe sequence from 


ano o northern Malawi is underlain by Lower Permian coal 
$ mineralogy measures with associated mudstones and sandstones 


and is overlain by the lacustrine chiweta bone beds, 
comprising mudstones and limestones with bone frag- 
ments and dicynodont skulls, Angular to subangular 
quartz derived mostly from low-grade metamorphic 
rocks dominates the sediments”, Fresh, angular sodic 
plagioclase and orthoclase. constitute the second most 
abundant mineral group, but small. quantities of micro- 
cline and biotite to occur. Similar facies and clastic 
mineralogy are observed in- the  stratigraphically 
equivalent Ruhuhu beds, Tanzania? and Madumabisa 
mudstones, Zambia (work in progress). 





-Key Annual varves from Mt Chombe sequence comprise 
sedimentary alternating low-Mg calcite, amorphous organic matter 
features and clay laminae, Fine laminations comprising low-Mg 


calcite silt, silt/organic matter, clay/silt, clay/organic 
matter and silt/sand laminae are abundant. Couplet 
comprising clay/calcite/siit laminae and representing 
6,000 years of deposition occur?” in an equivalent 
sequence from northeast Angola. Nonglacial varves with 
couplets comprising calcite/diatomite/organic mat- 
ter/clay laminae currently form in temperate lakes for 
example Lake Zürich”. Pedogenic features such as 
palaeosols, desiccation cracks, red coloration and im situ 
plant growth are absent from the northern Malawi 





sequence”? 
“Clay mineral Two detrital clay assemblages, illite-chlorite-mixed 
assemblages layers (more seasonal) and chiorite-illite (less seasonal) 


assemblages, corresponding to three cycles are docu- 
mented from the northern Malawi sequence. Regular 
and irregular mixed tayers with open illites dominate 
during periods with seasonal aridity whereas chlorite- 
: dominated assemblages with tightly closed illite prevail 
during wetter periods. Authigenic clays are insignificant. 
illite, mixed layers, chlorite and smectite are reported 
from the Ruhuhu Beds. Tanzania”. Preliminary data 
from Madumabisa Mudstones in the Luwanga Valley, 
Zambia, show illite and mixed layers as the main con- 
stituents. Modern high-latitude temperate lakes have 
quantitatively comparable major detrital clay mineral 
assemblages comprising illite, chlorite and mixed 











layers. 
Micro- and Microflora from northern Malawi sequence comprises 
Macroflora (> 90%) Striatopodocarpites, ttatina, Densipolienites 
assemblages and Gutullapollenites. Taeniasporites and Leuckis- 


porites are rare. Spores are under-represented (< 5%). 
Plant macrofossils such as Glossopteris browniana, G. 
indica, Vertebraria and Schizoneura were also reported 
from northwest Malawi** Pollen assemblages from 
Zambia*®, Zimbabwe“? and Tanzania have comparable 








floral composition. 
‘oxygen z 180 signatures were measured on E stones low-Mg 
a dsotope = =.. -calcite cements and septarian vein fills in near-spherical 


a “signatures concretions from the Chombe> sequence and from 
ae <- equivalent sequences in southern Tanzania. 5**0 
ranges between -11 and —13% PDB in concretion 
cements, and between 12 and —14%.. PDB in vein cal- 
cites, Modern „meteoric precipitations*® and regional 
ground waters“ at equivalent high latitudes have lighter 
isotope signatures t70. Palaeotemperatures calcu- 
lated from 5°°0 of the meteoric concretion cements 
and vein-fills*” suggest mean annual air temperatures 
of ~10 °C. Simitar air temperatures are observed today 
in geographically equivalent temperate high latitudes. 





` Summary of attributes suggesting seasonal cool temperature climate 

during Late Permian deposition in southern Africa*®. Data were gathered 

- from Upper Permian lacustrine sequences in northern Malawi, southern 
Tanzania and northern Zambia. See Fig. 1 for location. 





In the intramontane ake of | the Cariboo AOE in British 
Columbia, thick salts (natron, epsomite, bloedite and mirabilite) 
form interstitially within lake beds*’. The predominant clay 
mineral constituents in lake muds from both regions include 
smectite, illite-smectites and lesser kaolinite. The west Siberian 
plain (50°-60°N) where average summer and winter tem- 
peratures range from 3 to 23°C and —16° to ~28°C, respec- 
tively”, contain more than one hundred fresh, brackish and 
saline lakes. Thick organic-rich evaporites of salts (halite, 
mirabilite and thenardite) are mined from shallow lakes in West 
and southeastern Siberia”’?". The region is characterized by 
permafrost’', and smectite and kaolinite are the common 
authigenic clay minerals in the soils” 

In contrast, evaporite deposits or permat rost structures are 
not known from Upper Permian sequences in southern Africa. 
The biotic record and the sedimentary history of Upper Permian 
sequences throughout southern Africa and beyond document 
palaeogeographic settings unparalleled in modern times. The 
extensive fluvial environments with freshwater lakes, lush vege- 
tation and thriving fauna (Fig. 2) could have existed only in a 
moderate climate conditions with adequate humidity. One 
means suggested for transfer of moisture into the interior of 
Pangaea has been monsoonal circulation created by the Permian — 


continental! configuration” . Seasonal rains drenching uplands > 


may have contributed to the water budget, but the annual 
precipitation of <2 mm day ‘simulated for high-latitude Gond- 
wana’ could not have sustained the vast perennial freshwater 
lakes in southern Africa, Winds blowing over lakes pick up a 
tremendous amount of “moisture which is then precipitated 
downwind of the lakes. This ‘lake effect’ modifies the climate 
considerably within 40-50 km of individual lakes as is observed 
in the Great Lakes region of North America’’. By inference, the 
giant perennial lakes in southern Gondwana may have moder- 
ated the regional climate during the Late Permian. The fact that 
the numerical models do not incorporate this unique wet Late 
Permian palaeogeography could well account for the uniformly 
erroneous results. — 

The sedimentary records of lake and associated fluvial 
deposits should be used to define realistic boundary conditions 
for palaeoclimate simulations. This is particularly true for most 
of Carboniferous-~Jurassic Gondwana where the geological hts- 
tory is essentially documented in the records of continental 
deposits. Thus, the appropriate geological information, together 
with cell dimensions that would accommodate even smaller 
continental deposits, is necessary for sensitivity experiments for 
the Late Permian or other critical time slices. If the aim of 
palaeoclimate modelling is to ‘recreate’ past climates, the geo- 
logical evidence must be given more weight than it is now. 
Agreement between models, which has been construed as show- 
ing the accuracy of simulated Late Permian climates, may only 
reflect the fundamental shortcomings in parameters employed 
by all models, such as the palaeogeography. Earth scientists 
should not be quick to modify geological data to accommodate 
model simulations; rather, the acceptability of climate simula- 
tions should be judged on how well they reproduce indepen- 
dently established geological facts. This would strengthen the 
theoretical foundations for numerical modelling, thus permitting 
accurate reconstructions of the past and realistic predictions ya | 
future global climate trends. 
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THE superconducting transition temperature, T., defines the point 
at which the free energies of the superconducting and normal states 
of a material become equal. Just above T,, thermodynamic fluctu- 
ations produce small, transient regions of the superconducting 
state, giving rise to an anomalous increase in the normal-state 
conductivity known as paraconductivity. This situation is analogous 
-~ to the fluctuating regions of correlated spins found near the 
_ Curie-Weiss transition in ferromagnets. Such fluctuations are of 


critical phenomena in general, and a stringent test of scaling 


dimensional fluctuation conductivity has to our knowledge never 


`- dimensional paraconductivity in. single. crystals of the recently 
_ discovered! superconductors. K;Cop and Rb,Cyo. In addition to 
probing the critical state near hese measurements allow the 
indirect determination of the residual, normal-state resistivity. 
High-quality single-crystal specimens of K;Cgp and Rb;Coo 
were prepared by doping vapour-transport-grown Ce crystals 
with alkali metals. The synthesis followed a method similar to 
that described previously’ for K;Co. We used the standard 
in-line four-probe contact configuration and kept the d.c. prob- 
ing current small (10-100 pA) to minimize Joule heating effects. 
The insets to Fig. la and b show, for K,Cyq and Rb3Céo, 
respectively, the (normalized) resistivity p(T) as a function of 
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| theoretical significance in that they provide a direct probe of 
~ theories, which describe the approach to the critical point. Paracon- — 
-ductivity effects are strongly dependent on the dimensionality of — 
‘the system, although for conventional superconductors, three-. 


‘been observed. Here we report. the observation of pure, three- 


temperature over an extended temperature range. As demon- 
strated previously” for K;C,,, the temperature dependence of 
p for Rb,C,, is metallic. This behaviour is in contrast to the 
nonmetallic temperature dependence of p(T) found for Rb- 
doped Cy, when Ceo crystals grown from a CS, solution were 
used’. Although the origin of this discrepancy is unknown, a 
nonmetallic p(T) may result from incomplete doping or an 
impure host crystal. Our resistively determined T, values (transi- 
tion midpoint) for K}Ce and Rb3;C,o are 19.8 K and 30.2 K, 
respectively. We note that the overall functional form for p(T), 
except at temperatures below 50K, is similar for K3;C,g and 
Rb;C.eo. The temperature dependence of p(T) is reproducible 
over many samples in both cases. 

Figure la and b also shows p(T) for K:Ce and Rb,Ceo in 
greater detail near T, (the temperature scale has been normalized — 
to T, in each case). Just above T., the resistivity for both” 
materials deviates from its normal-state behaviour before drop- 
ping precipitously at T,. We associate this deviation with super- 
conducting fluctuations. It should be recognized that iden- 
tification of fluctuation effects of small magnitude requires data 
with a high signal-to-noise ratio. In an earlier investigation’ of 
the resistivity of K,Cgo, fluctuation effects near T, were not 
resolved because of large scatter in the data. 

The paraconductivity, o’, is obtained by subtracting the 


extrapolated normal-state conductivity o, from the measured 


conductivity. To establish an appropriate baseline for the para- 


conductivity, we have tried various power-law extrapolations 
using the temperature range 1.4T.< T <2T, to establish fitting 


parameters for the extrapolation. For both materials, a linear 
~T curve provides an adequate fit (solid line in Fig. 1a and b). 
In K,Coo, a T° curve (dashed line in Fig. 1a) provides a slightly 
better fit at higher temperatures (T =60 K). But as shown in 
Fig. la, the difference between the two extrapolations is small 
in the relevant temperature range near T., and both are con- 
sistent with p measured near T, at high magnetic field {also | 
shown in Fig. 1a). Without further physical basis, in our analysis = 
we shall use the T° extrapolation for. K3Cgo and the linear -T 
extrapolation for Rb;C,go. Our conclusions. of three-dimensional | 
paraconductivity are not sensitive to which extrapolation is used. n 
The baseline choice does affect the determined numerical value 
of the residual normal-state resistivity (see below. i but different — 
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abi extrapolations lead to resistivities all ankin 20% of 


one another. 
As first derived by Aslamazov and Larkin (AL)’, the excess 


onductivity g’ is given by° 







Aa (1) 
where D is the dimensionality of the specimen and t is the 
` reduced temperature defined by t= (T-T.)/T,. This AL term 
s known as the regular fluctuation conductivity, which is due 
o the direct acceleration of the fluctuation-induced supercon- 
lucting pairs of quasiparticles. In addition to the AL term, 
<- Maki® and Thompson’ (MT) have derived another contribution 
=: known as the anomalous fluctuation conductivity. The MT term 
results from the scattering of the normal quasiparticles by the 
7 “superconducting | fluctuations and is small when ‘pair-breaking’ 
_ effects are large.” In three dimensions, the excess conductivity 
» may be expressed as 
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“where 6 is a pair-breaking parameter. The first term on the right 
` is the AL term, and the second is the MT term. o,,, is a prefactor 
to be defined below. 
Figure 2a and b shows on log-log plots the experimentally 
_ determined o’ against T/ T, for K3Ceq and Rb3Cgo. The insets 
- show log-log plots of o’ against t for the same data sets. The 
a paraconductivity data for KC.) and Rb,C,, can be well accoun- 
ted for by assuming an effective dimensionality D = 3. For K sCgn 
Re (Fig 2a), we find that including a MT contribution improves 
>the fit (although the AL term dominates). From our best fit, we 
obtain a pair-breaking parameter ô = 0.58 for K;Ceo. For Rb3Cgp 
(Fig. 2b), we find that a good fit is obtained only if the MT 
term. is negligible, which implies a large 6. This is consistent 
with Rb3Cgo having a stronger electron-phonon coupling con- 
-stant (resulting in a higher 7.) than K3Cgo (ref. 9). Only for 
-= D=3 do we obtain good fits to the paraconductivity data of 
S EC and Rb;Ceo. The inset to Fig. 2b shows how the data of 
we Rb; Ceo compare to paraconductivity fits with D=1 and D=2 
- im addition to D = 3. 
= We observe no evidence for granular superconductivity. The 
‘coherence volume of the superconducting order parameter 
grows as the temperature approaches T, unless limited by 
reduced dimensionality. For a granular superconductor with 
grain size of L, the functional form of the excess conductivity 
“crosses. over from three-dimensional behaviour to zero- 
~ dimensional behaviour when the. Ginzburg-Landau coherence 
7 secs ECT) exceeds L/3 as T a o T. (ref. 10). In the 
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“ss | FIG. 1 Normalized resistivities as a function of T/T, for KaCeo (a) and 
Rb3Ceotb). Circles are experimental data and solid lines are linear extrapola- 
tions to the pormalsiz resistivity. For K3Ceo. a T° extrapolation is also 





























presence of 0-D crossover, the data of Fig. 2a and b would. 
deviate upwards away from the theoretical curves based on 3- P 
fluctuations with decreasing reduced temperature i, and there 
would be a region of steeper slope (—2) at small t Such behaviour: 
is not observed for either K3Coo or Rb Ceo (see insets to Fig. 
2a and b). The absence of a 0-D crossover down to 1= 0. 0005 
in our data gives a lower limit for the domain size of about 
0.6 um. This dimension is at least 100 times larger than the 
measured values of £(0)'''*, and therefore guarantees that phy- 
sical parameters measured. on these samples reflect intrinsic 
properties. 

An important parameter in describing electronic transport 1 in 

KC and Rb;Ceo is the absolute magnitude of the resistivity. 
Because of uncertainties in sample dimensions, contact position 
and current distribution profiles (if a van der Pauw configurat 
is applied), it is difficult to make an accurate direct determination 
of the resistivity. Experimentally, we observe identical normal- 
ized fluctuation resistivity curves (therefore, identical e Forain 
different samples with somewhat different estimates of pY 
based on direct measurements. However, the normal-state con- 
ductivity o,, may be determined indirectly through the measured — 
normalized conductivity (o'/a,), because the excess conduc- 
tivity prefactor ,,, is related to the independently determined . 
coherence length &(0) by 
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0.12 mQ cm aa p(O)n»~0 







} om, where the ubscripts K 
E The different 

piirapolavons of the normals at Fesistivity pradhice an uncer- 
tainty of about +20% in p(0). The resistivity values are reason- 
ably consistent with our most reliable direct measurement. On 
K3C.q (~0.5 mQ cm) and with infrared studies’’ on RBC TH 
(~0.4 mQ cm). The results also agree with our theoretical calcu 
lation! (p(0), = 0.2 mQ cm) based on Ha, measu 
a theoretical calculation* (p(0), = p(Q)ag, = 0.390 
which a maximum disorder (defined as equal dis 
two possible orientations of Ce ina face-centred cubis 
was assumed for both K;Cg, and Rb3Cyo. Our resu g 
that Rb,Cso may have a more Cs orientational disorder than — 
K3Ce0- 

As this is, to our knowledge, the first observation of pure 3-D 
paraconductivity in any isotropic superconductor, it seems 
appropriate to address the difficulty of observing similar 
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shown along with a high-magpatio-field resistivity point, insets: normalized. | 
resitivities against temperature for KaCeo (a) and RbsCyaib). 
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FIG. 2 Log-log picts of normalized fluctuation conductivities against TIT: 
for KaCeola) and Rb4Cgo (b). insets: log-log plots of normalized fluctuation 
conductivities against reduced temperature f=(7T ~ TV T, for K-Ceo (a) and 
RD=C eg (8). ! 


behaviour in other materials (most conventional supercon- 
ductors are, of course, three-dimensional). For conventional 

3-D superconductors, the fractional change in normal conduc- 
tivity o/o ~(KT,/ Ep l/kpl)(T/(T -T is of order of 
a -107 TH T-T. ye, too small to be observable in any meaning- 
ful temperature interval above T.. Here Ep is the Fermi energy, 

=. kẹ the Fermi wave vector, and / the mean free path. To observe 
0 3-D fluctuation conductivity, large concentrations of i impurities 
or defects have to be induced, and these are usually accompanied 
by granularity or reduced dimensionality. For anisotropic- 
layered high-T, materials, the situation is.more complicated. 
Paraconductivity, has been reported for many different com- 
pounds in various forms, but no consensus about the dimension- 
„ality in these materials has been reached*!>. In the fullerene- 
ir superconductors, the, ir 
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CONTROVERSY exists over whether large-magnitude extensional 
deformation can occur along low-angle, master detachment (nor- 
mal) faults'~'*. Large amounts of Cenozoic extension occurred in 
the Basin and Range province of the western United States, and 
master detachment faults related to this extension are currently 
exposed as subhorizontal structures along crustal arches known 
as metamorphic core complexes (MCCs)'™ tY, One set of models 
suggests that MCCs represent crustal-scale blocks bounded by 
originally high-angle normal faults which have tilted to sub- 
horizontal attitudes. More dynamic models propose isostatically 
induced flexural tilting of an initial subhorizontal fault, to an 
active high-angle fault, to final abandonment as a subhorizontal 
structure’; these models require MCC detachment faults and 


their footwalls to have been tilted by 30-60°. Alternatively, MCC ee 
detachment faults may have originated as subhorizontal or low-  _ 


angle structures'’"'*, Here we test these models with palaeomag- 


netic data from undeformed portions of the South Mountains, a 


typical Cenozoic MCC in the southern Basin and Range prov- 
ince'*-”*, Comparison with time-averaged expected directions of 
the geomagnetic field***’ yields no evidence for tilting of the 


_ footwall. We conclude that the South Mountains master detach- 


ment fault was active as a low-angle extensional structure, with a 
dip of ~10°. 

The principal structure of the South Mountains MCC (Fig. 
1) is a subhorizontal, ductile to brittle, high-strain zone which 
large-magnitude extensional deformation. 





i cru al Jevels “(within s to 10 e of the ao. ers was pro- 
ba moted by magmatic heat and expulsion of magmatic fluids from 


a suite of Miocene synkinematic intrusive rocks™”, This syn- 
kinematic, footwall intrusive suite constitutes the northeastern 
part of South Mountains and includes (from oldest to youngest) 
South Mountains granodiorite (Tsm), Telegraph Pass granite 
(Ttp), felsic dykes (Tfd) and microdiorite dykes (Tmd)™: 19, 


Palaeomagnetic data from undeformed portions of. South 


Mountains footwail rocks peer. a passive linear. marker to 
























tectonic transport 


ss hein il 


Tfd & Tmd 


—— 
Cross-section scale 


FIG. 1 Location map, generalized geological map and interpretive cross- 
section of the South Mountains metamorphic core complex, Arizona (PC, 
Precambrian rocks; Miocene age rocks: Tsm, South Mountains granodiorite; 
Ttp, Telegraph Pass granite, Tfd, felsic dykes; Tmd, microdiorite dykes). 
Palaeomagnetic data presented here are from 38 sites located in the central 
portion of South Mountains. 


assess footwall tilting. Here we report palaeomagnetic data from 
a total of 38 sites, representing all phases of the South Mountains 
intrusive suite and Precambrian wallrocks (Figs 2, 3 and 4). The 
magnitude of footwall tilting is determined by comparing obser- 
ved data (either primary thermoremanent magnetizations, 
TRMs, or high-temperature thermochemical magnetizations, 
TCRMs, acquired early in the cooling history of the intrusions) 
with expected, time-averaged directions of similar age’. 
~ Several palaeomagnetic studies in the Basin and Range province 
have focused on vertical axis rotation and on tilting of near- 
surface hanging wall rocks above master detchment faults’. 
Here, in contrast, we focus on horizontal axis tilting of mid- 
crustal footwall rocks beneath a master detachment fault. 
Demagnetization behaviour indicates that those well-grouped 
magnetizations (with high unblocking temperatures and high to 
moderate coercivities) that are found in South Mountains 
granodiorite and microdiorite dykes reside mainly in magnetite 
(Fig. 2). Those characteristic of the Telegraph Pass granite and 


FIG. 2 Representative modified progressive demagnetization 
diagrams (Roy plots) for South Mountains granodiorite (Tsm; 
NRM to 600 °C), Telegraph Pass granite (Ttp; NRM to 670 °C), 
felsic dyke (Tfd; NRM to 560 °C), and microdiorite dyke (Tmd; 
NRM to 140 mT). Solid dots are vector end points that inter- 
sect the horizontal plane (declination), open squares rep- 
resent vector end points that intersect the true vertical plane 
(horizontal against vertical, inclination). 
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felsic dykes reside in both magnetite and hematite (Fig. 2). South 
Mountains granodiorite is of normal polarity, whereas the Tele- 
graph Pass granite, microdiorite and felsic dykes are of both 
normal and reverse polarity (Fig. 3). The presence of normal 
or reverse polarity magnetizations is not a function of the mag- 
netic phase dominating the remanence. Contact tests, involving 
dykes and host rocks, as well as between Telegraph Pass granite 
and Precambrian host rocks, have been attempted. In some of 
the tests involving dykes, the host rock has a polarity opposite 
to that of the dykes (Fig. 3). In these cases, rocks immediately 
adjacent to the dykes are partly remagnetized in the direction 
of the dyke. Some tests are inconclusive in that host rock and 
dyke give the same polarity and statistically indistinguishable 
direction of magnetization. Precambrian rocks adjacent to the 
Telegraph Pass granite give well-grouped magnetizations iden- 
tical in direction to that of the granite (reverse polarity). Precam- 
brian rocks at least 100 m away from the Telegraph Pass granite 
contact are of normal polarity (Fig. 3, PC host no. 4). Contact 
relationships 1 and 2 of Fig. 3 suggest that magnetizations carried 
by magnetite in South Mountains granodiorite and microdiorite 
dykes are primary TRMs. Contact relationships 3 and 4 of Fig. 
3 suggest that hematite in the Telegraph Pass granite and felsic 
dykes is of high-temperature TCRM origin, with remanence 
acquisition occurring early in the cooling history of these 
intrusions. This hematite is most likely to have been formed 
during synkinematic circulation of moderate temperature 
(~600 °C) magmatic fluids”*. Laboratory data on the unblocking 
temperature of the Telegraph Pass granite and felsic dykes do 
not allow us to define the temperature range over which mag- 
netizations carried by hematite were blocked. For primary mag- 
netizations in Telegraph Pass granite and felsic dykes carried 
dominantly by magnetite, most of the remanence was blocked 
between ~400 °C and 580°C. 

The thermal history of the South Mountains Granodiorite, 
provided by isotopic (U-Pb zircon, “’Ar/**Ar hornblende, K-Ar 
biotite) and fission-track (apatite) age determinations, indicates 
rapid cooling of ~260°C Myr™' (from 800 to 300°C) between 
22 and 20 Myr ago, followed by slower cooling of ~73 °C Myr’ 
(from 300 to 100 °C) between 20 and 17 Myr (ref. 24). Mylonitiz- 
ation of footwall granitic intrusions (Tsm and Ttp) began shortly 
after crystallization (22 Myr)'*'?**. Rapid cooling between 22 
and 20Myr reflects both uplift during ductile phases of 
extensional deformation and ambient cooling of the granitic 
intrusions’*. We therefore interpret magnetizations of high 
unblocking temperature and high to moderate coercivity found 
in undeformed parts of the granitic intrusions (Tsm and Ttp) 
as having been acquired just before or during mylonitization of 
structurally higher rocks. Felsic dykes that cut strongly mylonit- 
ized portions of the granitic intrusions (Tsm and Ttp) are only 
weakly mylonitized. Therefore, magnetizations of high unblock- 
ing temperature and high to moderate coercivity found in 
undeformed parts of the felsic dykes are interpreted to have 
been acquired during the final phases of ductile deformation of 
structurally higher rocks. Slower cooling below 300 °C, between 
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FIG. 3 Equal-area projections of site means with ag. 
confidence cones for Telegraph Pass granite (Ttp, 15 sites: 
this includes two sites of reverse-polarity Precambrian host 
rocks found within 10m of the contact, and one site of 
reverse-polarity mafic xenoliths found within the Telegraph 
Pass granite), South Mountains granodiorite (Tsm, eight sites), 
felsic dykes (Tfd, six sites) and microdiorite dykes (Tmd, eight 
sites). Solid symbols represent lower-hemisphere projections 
and open symbols represent upper-hemisphere projections. 
The following contact relationships are also illustrated: South 
Mountains granodiorite sites, Tsm host 1 and Tsm host 2, 
intruded by microdiorite dykes, Tmd dyke 1 and Tmd dyke 2, 
respectively; Telegraph Pass granite site, Ttp host 3, intruded 
by microdiorite dyke, Tmd dyke 3; and remagnetized Pre- 
~ cambrian host rocks, PC host 4 (this site is not shown on 
~- other equal-area projections of this figure), intruded by felsic 
dyke, Tfd dyke 4. 


20 and 17 Myr, is correlated with brittle phases of extension’. 
Microdiorite dykes cross-cut the granitic intrusions (Tsm and 
Ttp), felsic dykes and mylonites. Microdiorite dykes that inter- 
sect the South Mountains detachment fault are highly brecciated 
© and must therefore postdate ductile deformation (22 to 20 Myr) 
<. and be synkinematic with respect to brittle deformation (20 to 
_ 17 Myr)'*!, Magnetizations of high unblocking temperature 
and high to moderate coercivity acquired by microdiorite dykes 
are interpreted to have been acquired synchronously with brittle 
phases of detachment faulting. Fission-track age determinations 

On apatites from undeformed granodiorite indicate that the 
South Mountains MCC has resided at temperatures of less than 
100 °C since 17 Myr (termination of major deformation)”. 

In summary, the demagnetization behaviour, contact relation- 
ships and thermal history of South Mountains footwall rocks 
indicate acquisition (early in the cooling history of the 
intrusions) and preservation of primary TRMs and high- 
temperature TCRMs. We interpret the moderate dispersion and 
dual polarity (except for Tsm) of palaeomagnetic data to indi- 
cate that cooling and remanence acquisition occurred over a 
period long enough to average palaeosecular variation. The data 
do not support the idea that remanent magnetization was 
acquired during a post-extension thermal or low-temperature 
chemical event at shallow crustal levels. 

_ Group and grand mean palaeomagnetic directions for the 
South Mountains intrusive suite are statistically (95% 








confidence) indistinguishable from Miocene reference direc- 


A - tions (Fig. 4). Assuming that magnetizations in the South Moun- 
tains granodiorite, Telegraph Pass granite and felsic dykes were 
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acquired before and during ductile extensional deformation, we i 
interpret these data as demonstrating that the South Mountains 
footwall has not been significantly tilted after mylonitic deforma- 
tion. Similarly, assuming that magnetizations in the microdiorite 
dykes were acquired during initial stages of brittle deformation, 
we interpret these data as demonstrating that the South Moun- 
tains footwall has not been significantly tilted after the brittle 
stages of deformation. The dip of this master detachment fault 
at the time of active deformation is then assumed to coincide 
with its current dip of ~10° northeastwards. Large-magnitude 
extensional deformation must therefore have been accommo- 
dated along a low-angle detachment (normal) fault during both 
ductile and brittle phases of deformation. 

Development of low-angle detachment structures is favoured 
in a rheologically layered continental crust!°-'©, Detachment 
Structures initiate at moderate dips in brittle upper crust and 
flatten at mid-crustal levels (~10-15 km depth), because stress 
axes rotate as a result of ductile (perhaps fluid-like'®) flow of a 
weak middle crust (beneath the brittle to ductile transition 
zone)'”"'°. In the case of South Mountains, synkinematic 
intrusions and associated high magmatic fluid pressures? may 
have raised the brittle to ductile transition zone to between 5 
and 10 km depth. This would allow flattening of the dip angle 
of a detachment structure at higher crustal levels. Elsewhere, 


the dip of this detachment structure may have flattened at deeper, 


crustal levels, resulting in an along-strike warped geometry, with: 
only the structurally highest level (the South Mountains) cur- 
rently exposed at the surface. Variations in dip of master detach- 
ment fault structures, ranging from low angle (~10° for South 


FIG. 4 a, Cqual-area projection of Miocene reference direc- 
tions for South Mountains, Arizona (solid dots, lower-hemi- 
sphere projections), calculated from palaeomagnetic pole 
data of Diehl et af.?° (22 to 38 Myr), Irving and Irving?® (20 Myr), 
and Mankinen et al?” (14 to 17 Myr). b, Equal-area projection 
of group-mean data (stars, lower-hemisphere projections: 
reverse-polarity data have been inverted to normal polarity) 
with @g5 confidence cones for South Mountains granodiorite 
(Tsm), Telegraph Pass granite (Ttp), felsic dykes (Tfd), and 
‘microdiorite dykes (Tmd). c, Equal-area projection of grand 
mean (star, lower-hemisphere projection) with ag. confidence 
cone and the three Miocene reference directions (grey dots). 
Grand mean is derived from the four group-mean data points 
of b. The grand mean direction is statistically indistinguishable 
from the three Miocene reference directions, suggesting that 
there has been no footwail tilting. Therefore, the current dip 


to represent the dip of this structure during deformation. -_—- 














of the high strain zone, ~10° northeastwards, is assumed 





M ntains and Sevier Desert detachments) to high angle, may 
then be controlled by lateral variations in thermal and 
mechanical properties of a layered erust!?!°. s 
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MucH of the cütboa assimilated by plants is allocated to fine 
root production", and the amount of carbon and nutrients sub- 
sequently returned to the soil from fine root turnover equals or 
“surpasses that returned through leaf litter in many forests” 
Unfortunately, limitations in traditional methods of studying roots 
: have -prevented us from thoroughly understanding the dynamic 
cpa re of fine root mortality in most forests, and better measure- 
; j of fine root longevity are needed to quantify and model 
“more accurately ecosystem carbon and nutrient budgets’, We 
‘used minirhizotrons'*"? to follow the mortality of contem- 
“poraneous fine root cohorts in two sugar maple (Acer saccharum 
Marsh.) forests located 80 km apart (north-south) during 1989 
and 1990. We report here that roots in the northern forest con- 
-sistently lived the longest, principally owing to greater rates of 
mortality early in the life of roots at the southern site. Differences 
in site factors suggest that warmer soil temperatures seem to be 
associated with the more rapid death of roots at the southern site. 
During the 1989 and 1990 growing seasons, we used a micro- 
video camera'** to record monthly images of fine root cohorts 
¿growing along the exterior surfaces of 12 minirhizotrons (clear 
plastic tubes) located in each forest. Fine root cohorts were 
“comprised of all living roots <1.5 mm in diameter (pooled across 
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the 12 minirhizotrons'*) that were produced during the interv 
between sampling dates. We used a microcomputer s 
program (ROOTS'*'*) to identify and measure the length of 
individual roots within contemporaneous cohorts at each site, 
and subsequently to follow their fate by repeatedly measuring | 
the same roots at each sampling date. | 
Because there are no appreciable differences among the sites” 
in soil organic matter content, exchangeable Ca, Mg, Al or K"*, 
N mineralization, growing season soil moisture content, canopy 
leaf area, litterfall mass or N'”'’, we hypothesized that fine root 
length would be lost at similar rates in both forests. Instead, we 
found large differences in fine root lifespans (Fig. 1). Analyses. 
of survival distributions of contemporaneous cohorts showed 
that roots at the northern site consistently lived longer on average 
than roots born during the same periods at the southern site 
(Geham-Mantel’® test, a = 0.05). The only exceptions were in 
July (no site difference) and September (greater longevity atthe 
southern site) of 1989. The longer lifespan of roots in the 
northern forest was due to significantly lower first-season mor- 
tality rates (Fig. 2). New roots were lost 64% faster at the 
southern forest (0.41 versus 0.25% per day at the northern forest, 
P<0.01), but overwinter and second-year mortality rates were 
not significantly different (P > 0.5; 0.14 versus 0.12% per day at 
the northern forest). 
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FIG. 1 Root length survival curves for root cohorts during 1989. and 1990. 
Survival times were significantly greater at the northern site for all but the 
July (no difference) and October (southern site greater) 1989 cohorts. _ 
Cohorts were comprised of all new roots present along a 1.8-cm-wide> - 
transect on the minirhizotron surface that were produced between success- 
ive sample dates in the upper 30 cm of the soil. The data were pooled from 
the 12 minirhizotrons in each forest. Cohort sizes ranged from 26 to 245° 
roots, with a mean and standard deviation of 87 and 50, respectively. Fach ~ 
root was identified and numbered by the ROOTS image anal y program i 
we developed, and was remeasured and classified as live or dead. a 
sampling date. Significant differences in length survival wi 

a Gehan-Mantel test for the censored data’? at an a of ü: oa 















-The good fits of the first growing season mortality regressions 
_ (Fig. 2) were due to very similar patterns of mortality for all 
cohorts at each site (Fig. 1). These results were unexpected, 
because several studies have shown seasonal variation in forest 
< ecosystem fine root biomass turnover***°-**, which is often 
_ believed to reflect variable root mortality rates. But the dynamics 
of root length and root biomass production and mortality are 
similar within both forests (R.L.H. and K.S.P., manuscript in 
preparation) and our results suggest that temporal differences 
in biomass ‘turnover’ may be due to temporal variation in root 
production, not in root mortality, in ecosystems like those we 
studied. 

Low overwinter fine root mortality, relative to growing season 
mortality, might be due to low maintenance respiration rates 
under cold soil temperatures**"**, but it is unclear why roots 
produced in the 1989 growing season should continue to die at 
a slower rate during the 1990 growing season. Survival of these 
roots may have been enhanced by greater lignification and/or 
-suberization of cortical or epidermal cells, or perhaps they were 
_ located in resource-rich microsites. Low branch orders of roots 
can also live longer than higher order roots”. Our study was 
_. hot designed to address these possibilities, but they deserve 

further investigation. 
Both forests we studied are similar in structure, composition 
and site quality (Table 1 and refs 14-16). Thus, site differences 
in these factors cannot be invoked as obvious explanations? 
_for the site differences in mortality rates and survival distribu- 
“tions. But it is possible that warmer soil temperatures contribute 
-in part to greater fine root mortality rates in the southern forest 
_ (Table 1). Late-spring and summer soil temperatures at 15-cm 
_ depth were 2-4 °C warmer at the southern site in both 1989 and 
1990 (Fig. 3), and soil temperatures were significantly warmer 
atthe southern site from late April to mid-October during both 
years (paired t-test, P<0.001) by an average of about 1.5 °C. 
__ Soil temperature was not controlled in our study, and so the 
evidence linking temperature and root mortality is circumstan- 
tial. But previous studies have demonstrated increased root 
respiration rates and faster root turnover associated with higher 
soil temperature™-75, and we believe that higher soil tem- 
peratures at the southern forest act in part to accelerate mainten- 
ance costs and mortality rates throughout the entire system of 
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_ FIG. 2 Regressions of length mortality data against the number of days a 
cohort had been under observation: during its first growi ng season, with the — 
line forced through the origin. The slope (mortality rate) of the sourthern — 
3 : ‘er thi northern site. There were no site 
r Mortality rates (regressions not 
989 and 1990 cohorts. Differences - 
comparing regression slopes at an 


FIG. 3. Weekiy averages of soil temperatures at 15-cm depth in both forests. 
‘Paired t-tests of site differences in weekly averages (derived from the mean ~ 
-Of three temperature sensors in each forest) showed that temperatures 
from 26/4/89 to 17/10/89 and 30/4/90 to 16/10/90 were significantly 
higher in the southern forest (P < 0.001). Data were collected every 30 min 








TABLE 4 Stand, soil and climatic characteristics of the study sites 
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Southern 
forest 


Northern 


General stand characteristics forest 


Latitude 43°40’ 44°23' 
Longitude 86°09’ 85°50" 
Above-ground biomass (Mg ha~*) 234 275 
Overstory age (yr} 78 (3) 74 (6) 
Basal area (m? ha~+) 30 (1.2) 30 (1.6) 
Sugar maple basal area (%) 75 (8) 83 (3) 
Canopy height (m) 24 (1) 28 (1) 
Leaf area index {m° m 7} 
1989 7.9 (0.2) 7.4 (0.5) 
1990 7.7 (0.2) 7.8 (0.3) 
Mean annual air temperature (°C) 7.6 5.8 
Mean annuai precipitation (mm) 850 810 
Mean spring-fall soil l 
temperature (°C at 15cm) 
26/4/89-17/10/89 
30/4/90-16/10/90 


14.2(4.3) 
14.6 (3.3) 


12.9 (3.5) 
12.9 (3.2) 


Soil variables (A +E Horizons) 


pH (1:1 water) 
Bulk density (g em~*) 1.27 (0.07) 
Nitrogen (kg ha~*) 1,408 (100) 
N mineralization (mg kg™* yr?) 134.4 100.8 
Phosphorus (kg ha™*) 156 (18) 191 (58) 
Organic matter (Mg ha~’) 41.7 (3.3) 45,7 (13.6) 
stmt i sa eS E E NEE 
Values are averages across plots, with s.e.m. in parentheses where shown. 


4.66 (0.046) 4.66 (0.27) 
1.27 (0.04) 


1,125 (398) 


fine, absorbing roots. Soil organisms, which would be more 
active in the warmer soil, can also shorten root longevity”’. 
The relationship between soil temperature and root longevity 
needs to be more firmly established, and rates of fine root 
mortality may not be as predictable in other ecosystems as they 
are in the forests we studied. Nonetheless, our findings highlight 
the need for a better understanding of the processes controlling 
fine root inputs of carbon and nutrients to the soil. For example, 
below-ground resource allocation is driven by nitrogen or water 
availability’? in many forest ecosystem models. In others, 


_ Soil: temperature (°C) 
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with an Omnidata monitoring system (Omnidata International, Logan, Utah 






aton and nutrient budgets allow for greater C costs through 
increased root respiration in warmer soils'°?9*° associated with 
seasonal or climatic increases in temperature. But none of these 
models or any others that we are aware of make allowance for 
possible differences in root turnover rates within an ecosystem 
type, nor are root turnover rates intrinsically linked to soil 
temperature. We do not wish to imply that current models are 
flawed in their construction. Instead, they reflect how little is 
known of the demographic processes (such as root mortality) 
that control below-ground carbon and nutrient cycling, and the 
relationship between root demography and the soil environment. 
‘Given the importance of fine roots in terrestrial carbon and 
“nutrient budgets’ 10 the need for more and better data on fine 
root dynamics is apparent. Even if soil temperature is generally 
found to have a minimal influence on root mortality, the fact 
‘that rates of fine root turnover can vary substantially among 
virtually identical ecosystems needs to be reconciled with current 
knowledge and models of below-ground processes that do not 
account for this phenomenon. 2 
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ATMOSPHERIC CO, concentration was 160 to 200 pmol mol”! 
during the Last Glacial Maximum (LGM; about 18,000 years 
~.ago)', rose to about 275 pmol mol’ 10,000 years ago”, and has 
“increased to about 350 pmol mol™' since 1800 (ref. 4). Here we 
present data indicating that this increase in CO, has enhanced 
_biospheric carbon fixation and altered species abundances by 
increasing the water-use efficiency of biomass production of C, 
_ plants, the bulk of the Earth’s vegetation. We grew oats (Avena 
sativa), wild mustard (Brassica kaber) and wheat (Triticum aes- 
tivum cv. Seri M82 and Yaqui 54), all ‘C3 annuals, and selected 
C4 grasses along daytime gradients of Glacial to present atmos- 
= pheric CO, concentrations in a 38-m-long chamber. We calculated 
-parameters related to leaf photosynthesis and water-use efficiency 
- from stable carbon isotope ratios ('°C/"°C) of whole leaves. Leaf 
- water-use efficiency and above-ground biomass/plant of C3 species 
increased linearly and nearly proportionally with increasing CO, 
“concentrations. Direct effects of increasing CO, on plants must 
- be considered when modelling the global carbon cycle and effects 
-of climate change on vegetation. 
-The shoots of plants grown in the 38-m chamber were enclosed 
by a transparent cover through which air was moved in one 
direction. Photosynthesis by enclosed plants progressively dep- 
_ leted the CO, concentration ([COz]) and increased the “C/'°C 
-of air (B.D.M. et al., manuscript in preparation) as it moved 
the 38 m from the air intake to outlet of the chamber. The 6°C 
values (see Fig. 1 legend) of leaves of C3 species and of concur- 
_ rently grown C4 grasses, grassbur ( Cenchrus incertus), crabgrass 
_ADigitaria ciliaris) and Gaspé yellow flint maize (Zea mays), 
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were linearly correlated with [CO,] (Fig. 1). The difference 
between the 6'°C of atmospheric CO, and leaf carbon of maize — 
(and certain other C4 species) is conservative across environ- 
ments’ and did not vary significantly with [CO] (B-D. M etal, 
manuscript in preparation), enabling us to use the 59C of CA 
leaves as a proxy for the 6°C of chamber air’. 
Leaf intercellular [CO,] (c;), calculated from leaf “C values, 
increased linearly and nearly proportionally (by the same ratio) 
with higher ambient [CO,] (¢,) in each C3 species. As a result, 
intercellular [CO,] was a constant but different fraction of c, 
in oats (c¢,/¢, = 0.70) and mustard (c/c, = 0.65} grown at mean 
[CO,] from 330 to 160 pmol mol”! (Fig. 2). The ¢,/c, of wheat — 
cultivars increased only slightly from 0.63 and 0.66 at 225 pmol 
mol”! to 0.66 and 0.69 at 350 pmol mol”! for Yaqui 54 and Seri 
M82, respectively. A similar result has been reported in young 
wheat plants exposed to CO, partial pressures between 120 and 
500 ubar. Others have demonstrated that coordination of sto- 
matal and mesophyll functions minimizes variation in ¢,/c, to 
similar values in C3 species, but this is the first demonstration 
of such for C3 plants grown over a [CO] range characteristic 
of Last Glacial Maximum (LGM)-to-present atmospheric con- 
centrations. Intrinsic water-use efficiency, defined as the ratio 
of leaf photosynthesis or net assimilation (A) to stomatal con- 
ductance to water vapour (g), increased by the same (oats and 
mustard) or nearly the same (wheat) relative amount as did 
[CO,], a consequence of conservative c,/c, in these CI species. 
(Fig. 3). ; 
Leaf assimilation should have increased substantially at the. 
higher c; that accompanied increasing [CO,], unless photosyn-- 
thetic capacity (the relationship of A to c,) declined. The positive 
linear relationship of A to ç at subambient [CO,] that is typical 
of C3 species did not differ between oat plants grown at extremes 
of the [CO,] gradient’. We estimate from that relationship that 
with a constant ¢,/c, of 0.70, net assimilation of oat leaves would 
have increased ~40% with the 75 pmol mol” rise in [CO.] since 
1800. That the increase in leaf c, was correlated with greater 
plant carbon gain is evidenced by the positive linear relation- 
ships between c; and aboveground biomass per plant of all C3s 
studied (Fig. 4). 
Climate’®, and particularly site water balance’, largely com 
trol the structure and productivity of vegetation. This controbhig 
determined in part by plant water-use efficiency (W 5 
produced per unit transpiration. Our results im 
of C3 plants may have increased by 27% over the pas 
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and ~ 100% since the LGM. Wate 
87C is often highly correlated with the ratio of biomass to 
transpiration of C3 plants'?, but the correlation is influenced by 
leaf-to-air vapour pressure differences. Little of the CO,-induced 
increase in potential WUE might be realized if higher A/ g 
resulted entirely from stomatal closure. Then, transpirational 
| -cooling of leaves would decline and leaf temperature and trans- 
- piration rate per unit g would rise. Any decline in water loss 
‘might also be partly offset by the resulting increase in atmos- 
‘pheric water vapour pressure deficit. But the & and bio- 
mass/ plant of C3 annuals increased by the same ratio as [CO], 
indicating that much of the CO,-induced increase in A/ g (and 
WUE) was realized as higher A and ultimately as greater plant 
biomass (Fig. 4). This increase in plant A/g from the LGM to 
present must have extended the geographic ranges of some 
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FIG. 1 The stable carbon isotope composition of upper leaves from C3 and 
C4 plants that were grown at daytime [CO,] from near 350 pmol mol”? to 
-@ 150 (19 January to 3 May, 1989) or b, 200 pmol mol~* (12 February to 
. 23 May, 1991). The C-isotope composition of whole leaves was determined 
by mass spectrometry (ISOMASS; VG Isogas) and expressed as 62°C, % 
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parts per thousand) *°C relative to a PeeDee belemnite reference standard: 
linear . 
regressions of 8*7C of C4 species on mean daytime [CO] during growth: 
- 8'°C =13.30 -0.07[C0,], r° = =0.96,, P <0.0001 for grassbur and crabgrass, -than 
*=0.99, P<0,0001 for maize. Plants were discr 





chamber during daylight (9-40 h ani by ‘automatically varying the rate of fe 
- unidirectional air flow e the cover in response: to prin in gan To S130 A 
i intight cir rd 200 umol mot 
> nol Tne ee significantly with [CO] (i= 3. 136%, $8. =0. 06%, N = 9; B.D.M. et ab, manu- 
more than 80% of days. Drybulb and dewpoint Utomeraures o of air were script in preparation). Regressions of 6*°C on daytime [CO] did not differ 
: z < significantly for grassbur and crabgrass grown with oats and mustard (Fig. 


A - (data not- shown; 
_ dewpoint temperatures between points of regulation at each 7.6 


ime sesh leaves of oats K lo 
-ihe chamber? had ‘no: significant. influence on the relationship: of ¢ it 


| A) a and 1.13 kPa (N=19) during 


species into ; areas where precipitation was formerly too low to 7 

support growth. We calculate from regression that A/g of oats 
and mustard would have increased 14.1 to 16.4 mmol CO, pera 
mol H,O, respectively, with the increase from 275 to 350 pmol- ~ 
mol”' CO, that has occurred since 1800. The increase is compar- g 
able to the mean 27.6% rise in A/g of 21.9 mmol mol”! of C3 
species from moist wash to drier slope habitats in the Sonoran. 
desert, where the change i in A/g was associated with a shiftin — 
species composition”. 

Our results and those of others’, if representative for C3 
species, imply that the rise in [C0] since the LGM greatly 
increased potential productivity of most of Earth’s vegetation. 
Many believe, however, that higher [CO,] has a negligible effect 
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FIG. 2 The ratio of leaf intercellular [CO2] (c ) to ambient [CO3] (c,), calculated <.. 





- from the 62°C of leaves, as a function of the daytime [CO2]. at which p3 i 


plants were grown. The slopes of regressions of ¢,/c, on c, did not differ 
significantly from zero for (A) oats (P=0.70) or mustard (P =0 41); the Ofa 
of B, the two wheat cultivars, maa positively related to Ča (Seri M82, 


- 6/0,=0.60 +(2.66 X10)c,, r?°=0.22, P=0.04 and Yaqui 54, ¢,/c, = 

057 +(2.71 x10: “Ye r= =0,27, P =0.04). The stable C isotope composition 
„of plants (8p*7C) reflects that of atmospheric CO, (5a*°C) and fractionation 
during -photosynthesis®®. For C3 plants, dp*C= sat? — a-(b—a)c,/c,, 


where. a is. a fractionation resulting from the greater diffusivity of 1200, 
n 48CO, across deaf stomata (4.4% (ref. 29): positive values indicate 
iin. ion against *°C or *2C.enrichment) and b is discrimination by 
-bi: te carboxylase against *°C in CO, fixation (29%; ref. 
deduced from the above equation when 6p*"C and 
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1a; Fox2)=2.6, P0: 10} or for maize and crabgrass grown with wheat 3 4 
Fa29= 2.7, P> 0.10). The small changes in mo and l 
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on global carbon fixation bcs Raos other than CO, limit 
"productivity of most unmanaged vegetation'’'*. Some recent 
esearch suggests that a step increase in [CO,] above the current 
350 pmol mol”! produces little or no short-term (<3 years) 
increase in plant or ecosystem carbon storage where low tem- 
: peratures or nutrient (particularly nitrogen) availability cur- 
-rently restrict plant growth'””’. Extrapolation from these studies 
the past is difficult, for only superambient (CO,] and a limited 
of processes and temporal : scales were considered. Plant 
water- and light-use efficiencies?! were lower at subambient 
Oh implying that sustainable biomass and plant nutrient 
quirements were also lower in the past. Species and genetic 
ange, fixation of atmospheric Na, and nitrogen deposition 
| may have facilitated plant response to CO, in the past when 
-concentrations rose more slowly or with a greater relaxation 
- time between change than today, but data are lacking. 
-o Increased widths of annular rings of some trees”, global CO; 
models”, calculations of carbon accumulation in temperate 
_ forests’*, and the increased amplitude of the annual cycle of 
< atmospheric [CO,]”° in recent decades, all suggest that rising 
_[CO,] has stimulated biospheric carbon fixation. Effects of 
{CO,], however, cannot readily be distinguished from those of 
~ human impact and concurrent climate change’. Resolution of 
_what fraction has been realized, if any, of the potentially great 
increase in plant productivity since the LGM demands that 
effects of [CO] on the processes that influence plant growth be 
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-< Linear regressions differed significantly (P <0.005) between a, oats {A/g = 
-0,70 +0.19c,, r” =0.86) and mustard (A/d =-9.91 +0.26¢,, Pa =0.92), 
and b, two cultivars of wheat, Seri M82. (A/g=12. 05+0.16¢,, r°=0.77) 
and Yaqui 54 (A/g=13.29+0.17c,, r 20.82}. P<0.0001 for each 
‘regression, intrinsic water-use efficiency of C, leaves is directly proportional 
"toe, and negatively correlated with the ratio of leaf intercellular [CO] {c;) 

to c,: A/g =C, (1 —¢,/c,)/1.6, where 1.6 is the ratio of gaseous diffusivities 
vn: OF CO, and water vapour in air. The ¢,/c, was determined from the stable 
G isotope compositions of leaves. z 
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assimilation (A)/stomatal conductance to water (g)) derived from the. 
13¢ of leaves and the daytime [CO,] (ca) at which plants were grown. 


a o : Oats- l 
Mustard 


| 
| 3 
| 9 Seri M82 5 
F, 


Biomass per plant (g) 





1.0 } 
0.5 | 
100 150 200 250 


Intercellular CO, (umol mot’) 


FIG. 4 Relationships of above-ground biomass per C3 plant at maturity to: 
leaf intercellular [CO,] (c,). Leaf c, was determined from the stable Cisatope — 
composition of plants grown from current atmospheric [CO] to a near — 
150 pmol moi”? (oats, mustard; 20 plants per m*) or b, 200 pmol mol” * 
CO. (wheat; 350 plants m~?)}. Note that the scale of the ordinate differs in 
a and b. Lines are linear regressions of above-ground biomass per plant 
on leaf œ: biomass=~-4.42+0.10c, for oats (N=19) and biomass= 
-6.00 +0.17¢, for mustard (N=11), r°=0.58, P<0.01 | and biomass = 
~0.63+0.01¢, r°=0.81 and biomass = ~0.62 +0.01¢,, r 0.77 for Seri 
M82 and Yaqui 54 cultivars of wheat, respectively, P< 0.001, N= 10. 


understood within an ecosystem context and over relevant peri- 
ods. Our results nonetheless demonstrate the risks inherent in. 
using present vegetation-climate relationships to reconstruct | 
past climates from pollen or fossil records without incorporating —. 
potential direct effects of [CO,]**. 2a 
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WE report here the discovery of a primitive dinosaur skeleton 
from Upper Triassic strata in northwestern Argentina. The 1-m- 
long skeleton represents a new taxon, Eoraptor lunensis gen. et 
sp. nov., which is close to the predicted structure and size of the 
common dinosaurian ancestor’. The skull, which has a unique 
heterodont dentition, does not exhibit any of the specializations 
of the major dinosaurian clades (Ornithischia, Sauropodomorpha, 
Theropoda). The forelimbs are less than half the length of the 
hind limbs, which suggests an obligatory bipedal posture. Although 
close in overall form to the common dinosaurian ancestor, the 
functionally tridactyl, grasping/raking hand and other features 
show that Eoraptor is allied phylogenetically with theropods. The 
discovery of Eoraptor supports the hypothesis that dinosaurs diver- 
ged rapidly at small body size from a common ancestor, with the 


FIG. 1 PVSJ 512. Eoraptor lunensis, 
new species. a, Stereopair and b, recon- 
struction of the skull in right lateral 
view. c, Right posterior premaxillary and 
anterior maxillary teeth in lateral view. 
Abbreviations: a, angular; antfo, antor- 
bital fossa; ar, articular; d, dentary; emf, 
external mandibular fenestra; ec, 
ectopterygoid; f, frontal; j, jugal; |, 
lacrimal; m, maxilla; n, nasal; nf, narial 
fossa; p, parietal; pm, premaxilla; po, 
postorbital; popr, parocciptal process; 
prf, prefrontal; q, quadrate; qf, quadrate 
foramen; qj. quadratojugal; sa, 
surangular; saf, surangular foramen; sf, 
subnarial foramen; sq, squamosal. 
Scale bar, a, 5cm; c. 1cm. 





principal herbivorous and carnivorous lineages present by the 
middle Carnian. 

Skeletal remains of the earliest (middle Carnian) dinosaurs 
are rare and have been unearthed mostly from the fossiliferous 
Upper Triassic Ischigualasto Formation in northwestern Argen- 
tina. These dinosaurs include the ornithischian Pisanosaurus® 
and the theropod Herrerasaurus”. The new skeleton, a con- 
temporary of Herrerasaurus in the lower third of the formation 
(R.R.R., C. C. Swisher, P.C.S., C.A.F. and A.M.M.., manuscript 
in preparation), represents a third species. Despite its small size, 
closure of sutures in the vertebral column and partial fusion of 
the scapulocoracoid suggest that the skeleton had reached adutt 
size. 


Order Saurischia 
Suborder Theropoda 
Eoraptor lunensis gen. et sp. nov. 


Etymology. Eos, dawn (Greek) in reference to its primitive struc- 
ture and early temporal occurrence; raptor, plunderer (Latin) 
in reference to its carnivorous habits and grasping hand; luna, 
moon (Latin) and -ensis, place (Latin), in reference to the type 
locality. 

Holotype. PVSJ 512 (Museo de Ciencias Naturales, Universidad 
Nacional de San Juan, San Juan, Argentina), an articulated 
skeleton lacking only the distal caudal vertebrae (Figs 1 and 2). 
The skeleton was preserved in a muddy siltstone in close associ- 
ation with many of the common vertebrates in the Ischigualasto 
fauna (Herrerasaurus, Saurosuchus, Aetosauroides, Ischigualas- 
tia, Exaeretodon, and an undescribed small carnivorous cyn- 
odont). 

Horizon and locality. Ischigualasto Formation (Upper Triassic: 
middle Carnian); Valley of the Moon (Ischigualasto Provincial 
Park, Ischigualasto-Villa Unión Basin, northwestern Argentina) 
(R.R.R. et al., manuscript in preparation). 

Diagnosis. Small 1-m-long theropod with external naris slightly 
enlarged, premaxilla with slender posterolateral process, and 
leaf-shaped premaxillary and anterior maxillary crowns. 

The skull follows a primitive saurischian design, with trans- 
versely narrow proportions, a relatively large antorbital opening, 
a small subnarial foramen beneath the external naris, and a 
forked posterior process on the jugal (Fig. 1a, b). Derived cranial 
characters that distinguish ornithischians, sauropodomorphs, 
and theropods, however, are absent. For example, there is no 
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FIG. 2 Eoraptor lunensis, new species. Skeletal reconstruction 
based on PVSJ 512 (length 1 m). 


development of an intra-mandibular joint, as occurs in 
Herrerasaurus and other theropods’, and the external naris and 
the narial fossa are not greatly enlarged as in sauropodo- 
morphs''. The dentition is heterodont (Fig. 1b, c). The posterior 
half of the upper tooth row has serrated, recurved crowns 
typical of theropods. The crowns in the anterior half of the 
tooth row, in contrast, are leaf-shaped with a basal constric- 
tion that most closely resembles the crown shape in basal 
sauropodomorphs'''?. 

The skeleton exhibits several dinosaurian hallmarks, such as 
a long deltopectoral crest on the humerus, reduction of the outer 
digits of the hand (Fig. 2), and an ascending process on the 
astragalus'. Similar to the skull, the skeleton lacks many derived 
characters that distinguish later dinosaurs. There are only three 
sacral vertebrae that support the pelvis, the lowest number that 
occurs among dinosaurs, and the hand retains a fifth digit, albeit 
reduced to a short metacarpal. There are no pneumatic cavities 
in the presacral vertebrae, as often occurs among saurischians, 


FIG. 3 a, Hypothesis of early dinosaurian phylogeny based on numerical 
cladistic analysis of 132 anatomical characters in 12 terminal taxa (con- 
sistency index equals 0.85; P.C.S., unpublished data). Numbers at nodes 
indicate total number of synapomorphies. Synapomorphies that may occupy 
more than a single node (primarily due to missing data in rare species) are 
shown in parentheses under delayed transformation**. Synapomorphies 
supporting dinosaurian monophyly and internal nodes include: Dinosauria, 
postfrontal absent**, frontal participation in supratemporal fossa**, ectop- 
terygoid overlapping pterygoid®, quadrate head exposed laterally**, post- 
temporal opening reduced to a foramen**, dorsal vertebra added to 


}->sacrum**°, deltopectoral crest 35% or more of humeral length 2513 


> 


manual digit IV narrower than digits II and IlI and lacking an ungual* 351374, 
acetabular antitrochanter partially divided by notch’, brevis fossa***, femoral 
head subrectangular*~°°°**° with angular greater trochanter, femoral 
medial tuberosity rudimentary, cnemial crest on tibia****, ascending process 
on astragalus*~®"**°, astragalus with laterally facing calcaneal facet, cal- 
caneal medial process rudimentary’, distal tarsal 4 heel shallow’, metatarsal 
4 shaft sigmoid. Ornithischia, subtriangular maxillary/dentary crowns**®, 
largest maxillary/dentary tooth in centre of tooth row*®, dentary coronoid 
process*®, coronoid region half or more as deep as dentary ramus, external 
mandibular fenestra reduced; Saurischia, subnarial foramen, juga! overlaps 
lacrimal, jugal posterior process forked, epipophyses on mid- and posterior 
cervical vertebrae”, hyposphene-hypantrum articulation in dorsal verte- 
brae??, mid-cervical ribs long and parallel to cervical column, distal carpal 
5 absent, phalanx 1 of manual digit | equal to or longer than metacarpal 
17°, astragalar ascending process wedge-shaped, metatarsals 2-4 with 
overlapping proximal ends. Theropoda, cervical epipophyses prong-shaped, 
extreme hollowing of centra and long bones”, manual digits IV and V 
vestigal***, metacarpals 1-3 with extensor depressions for phalangeal 
hyperextension, manus more than 50% length of humerus +radius. Her- 
rerasauridae + other theropods, intramandibular joint’**, distal caudal pre- 
zygapophyses elongate”, scapular blade strap-shaped, manual digits |-I/ 
with long penultimate phalanges and trenchant unguals*, pubic blade at 


« least six times as long as broad, pubic foot*, proximal end of fibula 75% 


or more of proximal width of tibia. b, Corresponding phylogram showing the 
recorded temporal range for each taxon, with dashed line indicating the 
approximate age (230 Myr; R.R.R. et al., manuscript in preparation) of the 
dinosaurs from the Ischigualasto Formation (Pisanosaurus, Eoraptor, 
Herrerasaurus). Solid bars show the earliest record of ornithischians that 


NATURE - VOL 361 - 7 JANUARY 1993 


, > 
sA 


but all of the long bones of the skeleton are strongly hollowed 
as in theropods. 

A detailed cladistic analysis of the early branching history of 
Dinosauria supports a basal split into ornithischians and sauris- 
chians, the latter including herrerasaurids (Fig. 3a). Although 
Eoraptor is structurally close to the common dinosaurian ances- 
tor, several advanced features place it among the saurischians 
as the most primitive known theropod (Fig. 3). Key saurischian 
synapomorphies (derived characters) present in Eoraptor 
include a subnarial foramen in the skull (Fig. 1c, sf) and 
modifications that increase the flexibility of the neck (epipophy- 
seal processes and slender, interconnecting ribs). Features that 
link Eoraptor with Herrerasaurus and other theropods include 
a predatory manus with trenchant unguals and enhanced 
grasping and raking capabilities (elongate distal phalanges, 
metacarpal pits for phalangeal hyperextension )™*. 

The discovery of Eoraptor has opened a window into the early 
evolution of theropods. The contemporaneous occurrence of a 
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are more advanced than Pisanosaurus*’**, prosauropod sauropodo- 
morphs?®#°, and theropods that are more advanced than Eoraptor and 
Herrerasaurus*. Herrerasaurids appear first during the Carnian in South 
America?’ 22 and in North America?***, where they persist into the Norian. 


a 


: 





c> dinosaur as primitive as Eoraptor with the ornithischian 
Pisanosaurus and more advanced theropod Herrerasaurus sup- 
ports the hypothesis that dinosaurs diverged rapidly at small 
body size from a common. ancestor during the early Carnian 
(Fig. 3b). By the middle Carnian, the principal herbivorous and 
carnivorous lineages of dinosaurs were established. = 
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CYTOPLASMICALLY inherited microorganisms are widespread in 
insects and have been implicated as causes of female partheno- 
genesis (females developing from unfertilized eggs) and cyto- 
_ plasmic incompatibility’. Normal sexual reproduction can be 
-> restored by treatment with antibiotics'*. Sequence analysis of the 
=o DNA encoding 16S ribosomal RNA has shown that cytoplasmic 
+ incompatibility bacteria from diverse insect taxa are closely related 
(they share >95% sequence similarity) and belong to the alpha 
subdivision of Proteobacteria”. Here we show that partheno- 
genesis-associated bacteria from parasitoid Hymenoptera also fall 
into this bacterial group, having up to 99% sequence similarity 
to some incompatibility microorganisms. Both incompatibility and 
parthenogenesis microorganisms alter host chromosome behaviour 
during early mitotic divisions of the egg'*"'’. Incompatibility bac- 








teria act by interfering with paternal chromosome incorporation 






in fertilized eggs, whereas parthenogenesis bacteria prevent 
segregation of chromosomes in unfertilized eggs. These traits are 


adaptive for the microorganisms. On the basis of their sequence 
similarities, we conclude that parthenogenesis bacteria and cyto- 
plasmic incompatibility bacteria form a monophyletic group of << 
microorganisms that ‘specialize’ in manipulating chromosome -` 
behaviour and reproduction of insects. = 
Identification of insect bacterial symbionts has long been 
hampered by the inability to culture these fastidious prokaryotes. 
But the development of the polymerase chain reaction (PCR) 
and use of DNA sequence encoding 16S RNA (16S sequences) 
in microbial phylogeny'* has made it possible to determine their 
phylogenetic position. We amplified and sequenced the bacterial 
16S ribosomal DNA from six parthenogenetic strains of Tricho- 
gramma wasps (three different species) and one parthenogenetic 
strain of Muscidifurax uniraptor. Trichogramma wasps are 
minute (around 0.5 mm) parasites of insect eggs, primarily those 
of Lepidoptera. Muscidifurax uniraptor is a Pteromalid pupal 
parasitoid of houseflies. Each of these strains harbours micro- 
organisms associated with parthenogenesis. To check for PCR 
amplification of bacteria not associated with parthenogenesis, . 
sexual strains of Trichogramma were used as a control. Some. - 
forms of parthenogenesis in Trichogramma are genetically | 
based and are not associated with microorganisms. As a 
second control, three strains of Trichogramma with 
genetic parthenogenesis were also examined for cytoplasmic 
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FIG. 1 Most parsimonious phylogenetic tree of parthenogenesis microorgan- "= 
isms (PM) of Trichogramma deion (Bautista strain) and Muscidifurax uni- 
raptor, several cytoplasmic incompatibility microorgansisms (CIM)°® and 
other representatives of the alpha subdivision of the Proteobacteria? t?s, 
The 16S rDNA sequences of PM (bold) and CIM are identified by the host 
species from which they were isolated. Escherichia coli (gamma subdivision) 
was used as an outgroup. Sequences were manually aligned using regions 
of the 16S gene that are conserved in eubacteria’. The aligned sequences 
of parthenogenesis microorganisms were 1,512 bases in length, including 


gaps. Gaps were treated as a ‘fifth’ base. The aligned sequence dataset 


was analysed with PAUP 3.0 (ref. 20) using the Branch and Bound algorithm 
to find the shortest tree(s). Two parsimonious trees (length 1.195 bases) 
were generated. They only differed in the positioning of the Drosophila 
simulans and Ephestia cautella microorganisms within the PM/CIM group. 
This is a result of the fact that only a partial 16S sequence is available for _ 
these two cytoplasmic incompatibility microorganisms. Sequences of 16S 
ribosomal genes of the M. uniraptor and Trichogramma symbionts were 
determined using the following procedure. Total DNA was extracted from 
white pupae (100 of Trichogramma spp. and 5 of Muscidifurax) after these 
were surface-sterilized with 70% ethanol, thoroughly washed with sterile 
water and homogenized in a Mini-Bead beater (Biospec). After precipitation 
with ethanol, bacterial 16S rDNA was PCR-amplified using conserved 16S 
rDNA primers (fD2 and rP2; ref. 21). PCR product was then directly cloned - 
into T-tailled Mi3mp18 vector and sequenced by the Sanger method using : 
Sequenase vr, 2.0 kit (US Biochemical: for sequence primers, see refs 5, 27). ; 
The nucleotide sequence data of parthenogenesis bacteria will appearin — 
Genbank under the following accession numbers; M. uniraptor, LO2882; T. 
cordubensis, 02883; T. deion TX, 102884; T. pretiosum, LO2885, T. deion. 








Mo, 102886; T. deion Ba, L02887; T. Deion SD, L02888. _ 





ABLE 1 Diagnostic nucleotide positions of subgroups of the 
parthenogenesis and incompatibility bacteria 
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Nucleotide positions of parthenogenesis: and incompatibility bacteria are 
-shown that distinguish the two sequence subgroups. Although additional 
“variable positions (47) are present, the positions shown are fixed for all 
2 “members. of each subgroup | (so they are diagnostic); position number is 
` cþased on E coli numbering”®. Diagnostic positions for the Trichogramma 
an “parthenogenesis microorganisms are boxed. CIM, cytoplasmic incompatibility 

_ Microorganisms; PM, parthenogenesis microorganisms. | 


microorganisms. For M. uniraptor, a closely related sexual 
species (M. raptor) was used as a PCR control. In addition, 

standard controls for PCR contamination were set up. PCR 

products were obtained from all microbe-associated 

parthenogenetic T. deion (four different North American collec- 

tions originating from South Dakota, Texas, and two different 

‘localities in California: Bautista Canyon and Mountain Center), 
T. pretiosum (from Mexico), T. cordubensis (from Spain) and 

M. uniraptor. No DNA was amplified from the controls. 

è The results from PCR are consistent with those from 
ytogenetic and antibiotic studies. Bacteria are easily visualized 
in the eggs of parthenogenetic Trichogramma strains‘, and anti- 

_ biotic treatment results in reversion to sexual. reproduction and 
< ¢limination of the microorganisms'*, 3 Bacteria are not present 











A most parsimonious phylogenetic tree of ‘sed AEE and 
nic incompatibility microorganisms”® based on 16S rDNA sequen- 
The 16S sequences of microorganisms are identified by the host from 
hey are isolated (PM are in bold). Anaplasma marginale was used 
“as the outgroup. Only taxa with complete 16S rDNA sequences were included 
cn the analysis. Gaps were treated as a ‘fifth’ base. Constant and uninforma- 
oa tive sites were eliminated, which gave a total of 68 informative (variabie) 
sites, ‘The reduced dataset was analysed using PAUP 3.0 and the Branch 
nd Bound algorithm°. Numbers indicate the level of support for individual 
les on the tree based on 100 bootstrapped (Branch and Bound) runs. 
elve most parsimonious trees (length 97) were generated with minor 
ifferences at three nodes, which is consistent with the low levels of support 
t those particular nodes. Sequences from each subgroup have been 
dentified from each Nasonia species. These represent either two 16S rDNA 
‘genes in Nasonia Wolbachia or infection by two different bacterial strains”. 

































in the eggs of bisexual strains or those with genetically base: 
parthenogenesis. All microbe-associated parthenogenetic strain 
examined have a cytogenetic mechanism of parthenogenesis 
(gamete duplication) that differs from those with genetic. 
parthenogenesis (ref. 19; R. S. and D. J. Kazmer, unpublished | 
data). . 

Phylogenetic analysis of the 16S rDNA sequences from the 
parthenogenesis microorganisms was undertaken using the par- 
simony algorithm Branch and Bound of PAUP 3.0 (ref. 20). All 
parthenogenesis bacteria fall in the alpha subdivision of Proteo- 
bacteria, and form a group with over 95% sequence similarity — 
(Figs 1 and 2). Most interestingly, all parthenogenesis micro- 
organisms are closely related to cytoplasmic incompatibility 
bacteria, which are found in diverse insect taxa including beetles _ 
(Coleoptera), butterflies (Lepidoptera), flies (Diptera) and 
wasps (Hymenoptera). Wolbachia pipientis, the cytoplasmic 
incompatibility microbe of Culex pipiens, is type species of the — 
genus Wolbachia (see ref. 6), Based on their high sequence 
similarity, it is reasonable also to place parthenogenesis bacteria 
within this genus. 

Figure 1 shows the phylogenetic position of the partheno- 
genesis/incompatibility group relative to several representatives 
of the alpha subdivision of proteobacteria. The parthenogenesis/ 
incompatibility (Wolbachia) bacteria form a monophyletic 
group relative to other alpha Proteobacteria. The closest seguen- 
ced relatives to this group are Anaplasma marginale", 
ruminantium” 





diseases. 

A more detailed phylogenetic analysis of the parthenogenesis/ 
incompatibility group is shown in Fig. 2. Although partial 165 
sequences (the first 700 bases) are known for incompatibility 
bacteria from several insect species^”, nearly complete seguen- 
ces have only been published for apab bacteria ofthe 
mosquito Culex pipiens® and wasps of the genus Nasonia”. This 
is unfortunate, because much of the phylogenetically informa- 


tive sequence information is in the second half (3' end} of the _ 


16S rDNA gene’. Therefore we did the phylogenetic analysis 
for those incompatibility microbe sequences that are. nearly 
complete, including Culex® and Nasonia incompatibility bac- 
teria’. 

The parthenogenesis/incompatibility group is divided inte 
two subgroups that differ consistently from each other at 15 
positions over 1,464 bases of the almost complete 168 ribosomal 
gene. The two subgroups represent real 16S variants based on 
analysis of secondary structure’. The diagnostic base positions 
separating the two subgroups are shown in Table 1. Although 
incompatibility microorganisms from different insects occur in 
both subgroups, all parthenogenesis microorganisms from 
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Cowdria 
2 and several species of Ehrlichia™. Each of these < 
are arthropod vectored aroo ganas that cause mammalian => 








eeu wasps fall into oe 1. All 16S rDNA sequen- 
SE ees of parthenogenesis bacteria from Trichogramma can be 
-distinguished from the incompatibility bacteria by two diagnos- 
tic base positions, as shown in Table 1. This suggests a mono- 
» phyletic origin for Trichogramma parthenogenesis bacteria. In 
contrast, the parthenogenesis bacterium of Muscidifurax falls 

into subgroup II, suggesting an independent derivation of bac- 
= terial parthenogenesis in this wasp. Alternatively, microbial 
> > parthenogenesis may have a single origin, with subsequent 
sequence divergence. Resolving such issues requires more 
©. sequence information on hosts and bacterial symbionts. 

Both parthenogenesis and incompatibility increase the trans- 
=- mission of these cytoplasmically (maternally) inherited bacteria. 
 Parthenogenesis increases frequency of the bacteria by biasing 
~~ sex ratio towards the transmitting (female) sex. Incompatibility 
=>. increases the frequency of associated bacteria by indirectly 
>= decreasing the frequency of cytoplasmic lineages that do not 
<o carry the same bacterial strain'***. Thus these phenotypes are 
- selectively advantageous for the microorganisms. 
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LIMB development is dependent on epithelial-mesenchymal inter- 
actions. The apical ectodermal ridge (AER), a specialized epi- 
thelium at the limb tip, stimulates proliferation of underlying 
mesenchyme, causing directed limb outgrowth! (for review see ref. 
2). Several genes are expressed in the mouse AER*~"*, including 

Fgf-4 (fibroblast growth factor-4)'"'* and Bmp-2 (bone mor- 
- phogenetic protein-2)'*, both of which encode secreted signalling 
`- molecules. Using a culture system developed to explore the function 


*. of molecules produced by the AER, we have shown that FGF-4 - 


= protein stimulates proliferation of mesenchyme in the early mouse 
 limb-bud. This suggests that FGF-4 serves that major function of 
> the AER. In contrast, BMP-2 inhibits limb growth, suggesting 
`o that as a result the AER may serve a hitherto unrecognized 
©- inhibitory function. Furthermore, the extent of limb outgrowth 


a can be modulated by mixing the two signalling molecules, suggest- _ 


< - ing that limb growth is regulated by a combination of stimulatory 
and inhibitory signals from the AER. 

F, In the culture system used (see legend to Fig. 1), trunk 

< fragments are isolated containing either forelimb or hindlimb 

<- buds, and the AER is removed from one limb (—AER limb) to 

expose the underlying mesenchyme, but kept intact on the other 









than that of contralateral+ AER forelimbs or forelimbs cultured © 


(+AER limb). These are cultured in serum-free defined medium 
with or without growth factor supplementation for up to 48 h. 
This system allows direct comparison of contralateral limbs from 
a given embryo, controlling for variability among embryos and 
culture conditions. Under these conditions AER regeneration.. 
does not occur, and in contrast to what has been observed in 
the chick'*, there is no obvious effect of AER removal on limb 
outgrowth (Figs la, b and 2a). AER removal does, however, 
cause a decrease (~45%) in the mitotic index in distal 
mesenchyme (Fig. 3). Cell morphology is not significantly. 
affected, and pyknotic cells and cell debris are observed. only 
in the outermost layer of exposed mesenchyme. Cells beneath 
this layer appear healthy, showing little evidence of cell death 
(Fig. 2d, e}. 

Fgf-4 (previously known as hAst-1 or KFGF), which encodes 
a secreted protein FGF-4 (ref. 15), is expressed in the AER 
during the period when that tissue mediates the proliferative 
response of the underlying mesenchyme’ >"? Addition of recom- 
binant FGF-4 protein to the limb cultures results in a large 
increase in proximo-distal (P-D) length of the ~AER limb as 
compared to the contralateral +AER limb (Fig. 1c, d), or to 
limbs cultured without FGF-4 (Fig. la, b). Effects are detected 
within 12h (data not shown). After 48 h and over a range of 
FGF-4 concentrations (10, 50, 100 or 500 ng ml7', about 0.8- 
40 nM), the average length of ~AER forelimbs is 50% greater. 











without FGF-4.. Hindlimbs exhibit >100% increase in P-D 
length compared with +AER hindlimbs or hindlimbs cultures 
without FGF-4 (Table 1). The greater responsiven: 
hindlimbs may reflect greater sensitivity of deve 
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younger hindlimb mem a to stimula ion by. F 
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alternatively, might be due to differences in mesenchyme specific 
to hind versus forelimbs. 

FGF-4 treatment causes elongation along the P-D axis of 
-AER limb tissue contained within surrounding epithelium, 
and extrusion of exposed limb mesenchyme, but has no effect 
on +AER limbs (Figs 1c, d and 2b, f; Table 1). This is presum- 
ably because the intact epithelium acts as a barrier, preventing 
FGF-4 from reaching the underlying mesenchyme. The observed 
increase in AER limb length results from increased cell division 
in distal limb mesenchyme, as demonstrated by the finding 
that the frequency of bromodeoxyuridine(BrdU)-labelled 
mesenchyme cells is 33% (+4.5%) in FGF-4 stimulated -AER 
limbs, but only 4% (+0.7%) in contralateral +AER limbs 
(method described in the legend to Fig. 3). Thus exposure to 
FGF-4 causes a significant increase in the number of cells 
initiating DNA synthesis. Furthermore, in FGF-4-treated cul- 
tures the mitotic index in mesenchyme at the exposed surface 
and in deeper distal mesenchyme of —AER limbs is 44% higher 
than in corresponding mesenchyme underlying the AER in 
contralateral limbs, and 145% higher than in -AER limbs cul- 
tured in the absence of FGF-4 (Fig. 3). In contrast, in proximal 
limb mesenchyme there is no difference in mitotic index between 
FGF-4-treated -AER and +AER limbs (data not shown). 
Neither recruitment of cells from adjacent trunk mesenchyme 


forelimb 


hindlimb 





no addition 


FGF-4 





BMP-2 





FIG. 1 Effects of FGF-4 and BMP-2 on cultured limbs. Trunk fragments with 
attached limbs (+AER and —AER) were cultured for 48 h (a, b) without growth 
factor supplementation; c, d. with 50 ng mi~™* FGF-4; e, f, with 50 ng mi * 
BMP-2. +AER limb is on left and —AER limb on right. Arrowheads (c, d) 
indicate the distal limit of epithelium covering the —AER limb; extrusion of 
mesenchyme is visible distally. 

METHODS. Limb staging was as described in ref. 27. Mouse embryos with 
forelimbs at stage 3-4 (fully formed AER) and hindlimbs at stage 2-3 (apical 
epithelium thickening) were dissected into cold phosphate-buffered saline 
containing 10% fetal calf serum, and the heart removed. Limb regions were 
isolated by four transverse cuts through the trunk, one above and one below 
each pair of limbs. With fine forceps, the entire AER was teased away from 
the left limb and discarded, causing no obvious damage to underlying 
mesenchyme. Trunk fragments, with attached —AER and +AER limbs, were 
transferred to tubes (Falcon no. 2057; 4-6 trunk fragments per tube) 
containing 1-ml aliquots of equilibrated serum-free defined culture medium 
(modified Biggers medium*®), growth factors added (see legend to Table 1), 
and the tubes rotated (30 r.p.m. at ~75° angle) in a 5% CO, incubator at 
37 °C. Trunk tissue appeared similar in medium with or without growth factor 
supplementation. Over 48h of culture, development is normal although 
slightly retarded. Forelimbs develop to stage 6-7 versus stage 8 in vivo. 
Hindlimbs reach stage 5 versus stage 5-6 in vivo. Limb tissue appears 
healthy with little cell death, whereas the trunk region shows signs of 
deterioration. Limbs cultured for longer periods show a considerable 
decrease in growth rate and marked tissue degeneration. 
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TABLE 1 Effects of growth factors on P-D length of +AER and —AER limbs 


Length of limb in mm (mean + s.d.) 





Forelimbs Hindlimbs 
Medium supplement n +AER -AER +AER -AER 

None >50 0.70+0.05 0.70+0.05 0.40+0.05 0.35+0.05 
FGF-4t >50 0.752015 110+015* 0354010 0.75+0,10" 
FGF-4, without 

heparan sulphate§ 6 055+0.05 0.702005 0352005 035+005 
BMP.2+ 25 065+0.05 0502+000* 040+010 020+010 
TGF-B 1) 15 0.702010 055+010 040+010 0302010 
BMP-4+ 16 065+010 065+010 040+010 0402008 
PDGF, insulin# 

EGFE, retinoic acid** 12 0.702010 0.702010 0452005 0452005 
FGF-4: BMP.2 12 0.80+0.05 110+010*° 0452010 0.70+0.15* 

100:10 ng mi~* 
FGF-4 :BMP-2 

50:50 ng mi * 16 0.75+0.05 0.754005 0.454005 0.40+0.05 
FGF-4:BMP-2 

10:100 ng mi * 10 0.65+0.05 0.4520.05t 040+005 0152+0.05 





Trunk fragments with attached limbs (+AER and —AER) were cultured as described 
in the legend to Fig. 1 for 48h in serum-free medium supplemented as stated 
(resupplemented after 24 h). Measurements of the P-D length. from the distal tip to 
the point of attachment with the body, were made for each pair of limbs. Lengths are 
expressed as the mean of the distances measured in millimeters, +/— the standard 
deviation {s.d.). Growth factors: mature murine FGF-4 protein lacking the secretory 
signal sequence was produced using the pGEX2T bacterial expression system””. The 
expression plasmid was constructed by cloning a fragment of Fgf-4 complementary 
DNA?® obtained by EcoRI and partial Rsril digestion into the EcoRI site of pGEX2T. 
Bacterial culture, isopropyl-8-p-thiogalactoside (IPTG) induction (4 h), affinity purification 
of the fusion protein by absorption to giutathione-agarose beads and thrombin cleavage 
to release FGF-4 were as described in ref. 25. Most of the free FGF-4 remained bound 
to beads, allowing removal of residual thrombin by washing. FGF-4 protein was eluted 
with 1.5M KCI and dialysed. FGF proteins (FGF-1 provided by L. T. Williams, FGF-2 
purchased from Boehringer-Mannheim, FGF-4 produced as described, and FGF -5 provided 
by J. Hébert) were diluted in 25 mM HEPES and 0.1% BSA (acetylated form; New England 
Biolabs). Uniess otherwise stated, whenever FGFs were added to culture medium, 
heparan sulphate (10-100 ng mi~*: Sigma) was also added for protein stabilization. 
Control experiments showed that addition of heparan sulphate, alone or in conjunction 
with other growth factors, BSA alone, or supernatant prepared appropriately from 
bacterial cells containing only pGEX2T expression vector, had no apparent effect on 
limb growth. Recombinant human BMP-2 and BMP-4, generously provided by Genetics 
institute (Cambridge, MA), and TGF-81 by R. Derynck, were diluted in 20 mM sodium 
acetate, pH 5.0 and 0.4% BSA. Recombinant human PDGF (Collaborative Biomedical 
Products) was diluted in 10mM acetic acid. Murine EGF (Collaborative Biomedical 
Products) and bovine insulin (Boehringer-Mannheim) were resuspended as specified 
by the manufacturers. All protein dilutions were prepared in siliconized tubes and used 
immediately. All-trans-retinoic acid (Sigma) was dissolved in dimethyl sulphoxide 
(DMSO) (final concentration 0.01%). n Number of +AER forelimb or hindlimb pairs 
analysed. 

* Mesenchymal extrusion (0.25 + 0.05 mm). 

+ Distance in mm along the A-P axis at the distal tip of bud (+AER: 0.45 +0.05; 
—AER: 0.20 +0.05). Similar results obtained with the following concentrations: $ 10, 
50, 100 ng mi~*; § 100, 200 ng mi™*; || 50, 100 ng mi ~™*; € 50, 200 ng mi *: # 10, 200, 
5,000 ng mi~*: ** 1, 10, 100 ng mi~*. 


nor oedema are responsible for the observed increase in -AER 
limb length, because similar results are obtained with cultures 
of detached limbs, and there is no obvious change in 
mesenchyme cell density following FGF-4 treatment (Fig. 2e, f, 
and data not shown). Thus, FGF-4 causes limb outgrowth by 
stimulating proliferation of cells in distal limb mesenchyme. No 
obvious regional differences in response to ligand were detected 
in these cultures. This is in contrast to previous findings’', in 
which cultures of dissociated anterior mesenchyme were shown 
to be more responsive to FGF than were cultures of posterior 
mesenchyme. 

No effects on limb growth are observed when unrelated growth 
factors (platelet-derived growth factor, epidermal growth factor, 
insulin) or retinoic acid are added to the culture medium, or in 
control cultures (Table 1). But other FGF proteins can stimulate 
limb outgrowth: FGF-1 (acidic FGF), FGF-2 (basic FGF) and 
FGF-5 have essentially the same effect as FGF-4 (data not 
shown). Growth stimulation by all FGFs tested is not unexpected 
because different FGF ligands can interact with and activate 
the same receptor'®'’, and FGF receptors are expressed in limb 
mesenchyme!®:!9, 
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FIG. 2 Mixed signals: effects of 
combinations of FGF-4 and BMP-2 
on hindlimb outgrowth. Sections 
(6 um) of trunk fragments with 
attached hindlimbs cultured for 
48h in: a d e, medium without 
growth factor supplementation: 
or medium containing (b, f, g) 
50 ng ml ~+ FGF-4; c, h, 50 ng mi~* 
BMP-2; í 100ngmi-* FGF-4 
and 10 ng mi~* BMP-2; j FGF-4 
and BMP-2, 50ngmi-* each; 
k 10ngmi* FG@F-4 and 
100 ng mi~* BMP-2. In panels 
where both limbs are shown, the 
+AER limb is on left side, -AER 
limb on right. d and e-h, +AER 
and —AER limbs, respectively, at 
~x5 higher magnification. g, 
Photographed under dark-field 
illumination, shows hybridization 
of a Hoxd-13 antisense probe. 
Hoxd-13 RNA is detected in the 
posterior (bottom) but not the 
anterior (top) mesenchyme. 
Similar effects on limb outgrowth 
and Hoxd gene expression were 
observed in forelimb cultures. 
Arrowheads indicate the distal 
limit of the epithelium covering 
the —AER limb; extrusion of 
mesenchyme is visible distally. 

METHODS. After culture, embryo fragments, as illustrated in g were 


In these experiments, all mesenchyme underlying the AER is 
exposed to exogenous FGF-4. In vivo, however, it is likely that 
only posterior mesenchyme is exposed. Fef-4 RNA is localized 
to the posterior half of the AER", and the affinity of FGF-4 
protein for extracellular matrix components presumably pre- 
vents it from diffusing very far from the cells that secrete it. 
Such spatial restriction could account, at least in part, for the 
greater growth on the posterior than the anterior side of the 
limb (reviewed in ref. 32). 

In addition to its apparent role in controlling limb 
mesenchyme proliferation, it is conceivable that FGF-4 also 
functions in the specification of pattern along the anterior- 
posterior (A-P) axis by regulating the expression of genes that 
play a role in this process. To explore this possibility we 
examined the effect of FGF-4 treatment on the expression of 
two genes, Hoxd-11 ( Hox-4.6) and Hoxd-13 ( Hox-4.8), involved 
in the specification of posterior fate in the limb*’*'. In the +AER 
limb, Hoxd-11 and Hoxd-13 RNAs were detected only in the 
posterior distal mesenchyme, in patterns similar to those obser- 
ved during normal development in vivo*' (data not shown). In 
the —AER limb, posterior restriction of these RNAs was also 
observed. Even in extruded mesenchyme, they were detected 
only on the posterior side of the extrusion (Fig. 2g, and data 
not shown). These results demonstrate that exposure to FGF-4 
alone is not sufficient to alter the expression in limb mesenchyme 
of Hox genes involved in A-P patterning, such as Hoxd-11 and 
Hoxd-13. Utilization of the culture system described here has, 
however, enabled us to demonstrate that FGF-4 alone is 
sufficient to regulate the expression of Evx-1, a member of a 
different class of homeobox-containing genes (L.N. and G.R.M., 
manuscript submitted). Evx-/ function in limb development is 
under investigation. 

BMP-2, a member of the transforming growth factor-8 (TGF- 
B) superfamily, is encoded by a gene expressed in the AER 
during the same developmental period as Fgf-4 ‘*. In contrast 
to the effects of FGF-4, addition of BMP-2 to the culture medium 
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processed for RNA in situ hybridization’. Probes for Hoxd-11 and Hoxd-13 
have been described***° and were provided by D. Duboule. 


causes inhibition of -AER limb growth (Figs le, f and 2c; Table 
1). Effects of this protein are observed within 12h of culture 
(data not shown). After 24-48 h of culture in BMP-2 at 10, 50 
or 100 ng ml~', —AER forelimbs are significantly shorter (P-D 
length) and, strikingly, the A-P width is considerably narrower 
at the distal tip, when compared with contralateral +AER 
forelimbs (Table 1). Growth inhibition is particularly evident 
for -AER hindlimbs (Figs 1f and 2c), which are often almost 
undetectable. At 1 ng mi~? BMP-2, growth is slightly inhibited 
and hindlimbs are affected to a greater extent than forelimbs 
(data not shown). 

Histological examination of BMP-2-treated -AER limbs 
revealed pyknotic cells in mesenchyme exposed at the limb 
surface and to a depth of ~4 cell layers. Below this, cells 
appeared healthy (Fig. 2h, and data not shown). The mitotic 
index in deeper distal mesenchyme (6-16 cell layers beneath 
the surface) in —AER limbs is threefold lower than in a compar- 
able region of contralateral +AER limbs, and twofold lower 
than in —AER limbs cultured in the absence of BMP-2 (Fig. 3), 
indicating BMP-2 inhibits cell proliferation in distal limb 
mesenchyme. 

In addition, we tested the effect of a closely related molecule, 
BMP-4, which is also expressed in the AER’. Surprisingly, no 
effect on limb growth was detected with two different prepar- 
ations of BMP-4 in a total of four experiments at concentrations 
ranging from 0.1-800 ng m1~' (Table 1, and data not shown). It 
is unlikely that these negative results were due to inactivity of 
BMP-4 protein, because both preparations continued to be active 
in a different assay’. In contrast, another member of the TGF-B 
superfamily, TGF-81, did inhibit limb growth, but to a lesser 
extent than BMP-2 (Table 1). These variations in responsiveness 
to different family members presumably reflect differences in 
the availability of appropriate receptors, binding proteins, 
and/or other factors required for ligand activity in the 
mesenchyme. 

We next did a ‘mixed signals’ experiment, in which limbs 
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FIG. 3 Effects of FGF-4 and BMP-2 on limb mesenchyme proliferation. The 
mitotic index (per cent of cells in mitosis) in the distal mesenchyme was 
determined for +AER and —AER limbs cultured for 28 h in medium alone, 
© or in medium containing FGF-4 or BMP-2 (100 ng mi™*). Nocodazole 
+ (5 pg mi-+), which arrests cells in mitosis, was present during the last 6h 
of culture. 
METHODS. Trunk fragments with attached limbs were fixed in 4% paraformal- 
dehyde, embedded in paraffin, sectioned (6 pm), and stained with haematoxy- 
lin and eosin. Using an ocular grid (50 pm x50 pm), the mitotic index was 
determined by counting the number of mitoses per total number of nuclei 
within 50 um of the AER or exposed surface. For each treatment at least 
seven pairs of limbs were examined and over 1,500 nuclei counted. Sections 
analysed were separated by at least 18 pm. The frequency of BrdU-labelled 
cells was determined according to the following procedure (C. Tickle, personal 
communication). After 23h culture in FGF-4 (100 ng mi~*), BrdU (20 pM) 
was added to the medium and the limbs were cultured for an additional 
hour. The distal tip (200 pm) of each limb was dissected and placed in 2% 
trypsin at 4°C for 30 min to aid removal of the epithelium. Mesenchyme 
cells were dissociated and smeared on microscope slides, air-dried, fixed 
in 4% formaldehyde, incubated with anti-BrdU antibody (Boehringer- 
Mannheim) and secondary fiuorescein-tagged antibody. Cells that incorpor- 
ated BrdU were detected by fluorescence microscopy. The total number of 
_, cells and of labelled cells within a randomly selected field of view were 
. counted. Four pairs of limbs were analysed and over 1,500 cells counted 
for both +AER and —AER limbs. 


were cultured in media containing different mixtures of FGF-4 
and BMP-2. Supplementation with 100ngml-' FGF-4 and 
10 ng ml~' BMP-2 results in P-D elongation and mesenchyme 
extrusion indistinguishable from that produced by FGF-4 alone 
(compare Fig. 2i with b; Table 1). Thus, in the presence of 
100 ng ml! FGF-4, 10 ng ml~™' BMP-2 has no effect on out- 
growth, even though this concentration of BMP-2 alone is 
sufficient to cause inhibition. The inhibitory effects of BMP-2 
are therefore not due to toxicity of the protein preparation. 
Conversely, a reciprocal combination of the growth factors 
(10ng ml-' FGF-4 and 100ngml~' BMP-2) causes dramatic 
growth inhibition of -AER limbs, similar to that observed with 
BMP-2 alone (compare Fig. 2k with c; Table 1). Thus, with 
100 ng mi-' BMP-2, 10ngml-' FGF-4 has no effect on out- 
growth, although this concentration of FGF-4 alone is sufficient 
to stimulate outgrowth. When equal concentrations of FGF-4 
and BMP-2 (50 ng ml‘ each) are used, P-D growth is neither 
stimulated nor inhibited (Fig. 2j; Table 1). In essence, the effect 
of each growth factor is cancelled by the other, and —AER limbs 
are similar to those cultured in medium without supplementation 
(compare Fig. 2j with a; Table 1). This indicates that BMP-2 
inhibits the proliferative response to FGF-4 and, conversely, 
FGF-4 also inhibits the effect of BMP-2, thus providing direct 
evidence that the opposing effects of FGF-4 and BMP-2 can 
each be modulated by the presence of the other. Studies aimed 
at localizing FGF-4 and BMP-2 proteins, as well as other com- 
ponents of their respective signalling pathways, will help to 
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determine whether such modulation plays a role in limb develop- 
ment in vivo. 

The importance of the AER in stimulating limb outgrowth 
has been recognized since the 1940s'. Our experiments provide, 
to our knowledge, the first functional analysis of molecules 
produced in the AER. We show that FGF family members can 
stimulate limb mesenchyme proliferation, whereas other growth 
factors (EGF, PDGF, TGF-f superfamily members, insulin) 
and retinoic acid do not. Because FGF-4 is localized in the AER 
when that tissue stimulates mesenchyme proliferation, whereas 
at least four other FGF genes are not™™ (J.-K. Han and G.R.M., 
unpublished data), it is likely that FGF-4 serves as an 
endogenous signal for mesenchyme proliferation and thus per- 
forms one of the major functions of the AER in vivo. We also 
demonstrate that some TGF-8 superfamily members have the 
opposite effect, and that BMP-2 functions to inhibit mesenchyme 
proliferation. Our ‘mixed signals’ experiments further demon- 
strate that the effects of FGF-4 and BMP-2 can each be modu- 
lated by the other. Because these genes are coexpressed in the 
AER, this raises the possibility that the extent of P-D growth 
is regulated, at least in part, through an interplay between 
stimulatory activity of FGF-4 and inhibitory activity of BMP-2. 
Changes in the local concentrations of these signalling molecules 
may alter the balance of positive and negative signals for prolife- 
ration, leading to refinements in limb shape and limiting its 
overall P-D outgrowth. Z 





21. Dollė, P., izpisia-Beimonte, J.-C.. Falkenstein, H., Renucci, A. & Duboule, D. Nature 342, 767-772 
(1989). 

22. Takuwa, Y.. Ohse, C.. Wang, E A. Wozney, J. M. & Yamashita, K. Biochem. biophys. Res, Commun. 
174, 96-101 (1991) 

23. Wilkinson, D. G., Bhatt. S. & McMahon, A. P. Development 105, 131-136 (1989) 

24. Haub, O. & Goldfarb, M, Development 112, 397.406 (1991) 

25. Smith, D. B. & Johnson, K. S. Gene 67, 31-40 (1988). 

26. Hébert, J. M, Basilico, C.. Goldfarb, M.. Haub, O. & Martin, G. R. Dev! Biol 138, 454-463 (1990) 

27. Wanek, N.. Muneoka, K.. Holler-Dinsmore, G. Burton, R. & Bryant. S V. J exp. Zool 249, 41-49 
(1989), 

28. Neubert. D. & Barrach. H.-J. in Methods in Prenatal Toxicology (eds Neubert. D. Merker. H.-J, & 
Kwasigroch, T. E) 241-251 (Georg Thieme, Stuttgart, 1977) 

29. Frohman, M. A., Boyle, M. & Martin, G. R. Development 110, 589-607 (1990) 

30. Doliė, P. izpisia-Belmonte, J-C.. Boncinelli, E. & Duboule, D. Mech Dev. 36, 3-13 (1991) 

31. Aono, H. & ide, H. Dew! Biol 128, 136-141 (1988). 

32. Hinchliffe, J. R. & Johnson, D. R. The Development of the Vertebrate Limtx An Approach through 
Experiment, Genetics and Evolution (Clarendon. Oxford, 1980) 


ACKNOWLEDGEMENTS. We thank J. Fallon, C. Tickle, G. Morriss-Kay, H. Haack, P. Martin and members 
of our laboratory for discussions, J de la Torre for advice on the BrdU studies. and C. Murphy for 
help with preparation of the manuscript. This work was supported by NIH grants to GRM. LN. is 
Supported by 2 fellowship from the American Cancer Society 


71 


F- i ` 
-. hà + Š i A å EL 


eS | ee 


=$" 


















$ : present in skin of p"/p° 








: A gene for the mouse pink-eyed 
dilution locus and for human 
_ type Il oculocutaneous albinism 


pa I Eugene M. Rinchik*, Scott J. Bultman*t, 
-Bernhard Horsthemket, Seung-Taek Lee§, 


_ Kathleen M. Strunk§, Richard A. Spritz§, 


Karen M. Avidanol|, Michelle T. C. Jong] 
& Robert D. Nicholls|/{ 


og Biology Division and University of Tennessee-Oak Ridge Graduate 


School of Biomedical Sciences, Oak Ridge National Laboratory, 
~ PO Box 2009, Oak Ridge, Tennessee 37831, USA 
institut für Humangenetik, Universitatsklinikum Essen, 


: > Hufelandstrasse 55, D-4300 Essen 1, Germany 
>o § Department of Medical Genetics, University of Wisconsin, Madison, 
Wisconsin 53706, USA 


|| Department of Neuroscience, Box 100244 JHMHC, University of Florida 
College of Medicine, Gainesville, Florida 32610, USA 


A f To whom corrrespondence should be addressed 





y THE mouse pink-eyed dilution (p) locus on chromosome 7 is 


"associated with defects of skin, eye and coat pigmentation’. Muta- 


tions at p cause a reduction of eumelanin (black—brown) pigment 
and altered morphology of black pigment granules (eumelano- 
somes), but have little effect on pheomelanin (yellow-red) pigment’. 
We show here that the human complementary DNA DN10, linked 
to the p locus in mice*™*, identifies the human homologue (P) of 
the mouse p gene, and appears to encode an integral membrane 
transporter protein. The expression pattern of this gene in various 
p mutant mice correlates with the pigmentation phenotype; 
moreover, an abnormally sized messenger RNA is detected in one 
mutant, p"", which reverts to the normal size in p“" revertants. 
The human P gene corresponds to the D1I5S12 locus within the 
chromosome segment 15q11~-q13, which is typically deleted in 
patients with Pradér—Willi and Angelman syndrome (see ref. 5 
for review). These disorders are phenotypically distinct, depending 
on the parent of origin of the deleted chromosome?” 7, but both 
syndromes are often associated with hypopigmentation of the skin, 
hair and eyes (see ref. § for review), and deletion of the P gene 
may be responsible for this hypopigmentation. In addition, we 
report a mutation in both copies of the human P gene in one case 
of tyrosinase-positive (type I) oculocutaneous albinism, recently 
linked to 15q11~q13 (ref. 9). 

To extend previous recombinant-inbred strain analyses 
demonstrating linkage of D15S12h (formerly designated 
D7Nic1) to the mouse p locus’*, we performed an interspecific 
backcross analysis. No recombinants were detected between p 
and DI5Si2h in 182 segregants from the cross (129/RI- 
pe*"/ pe“ x M. spretus) F, x 129/RI-pe*”/ pe“ (Fig. 1a), implying 
a map distance of less than 1 centimorgan (two-sided 95% 
confidence limits, 0-2 cM). The complete linkage of DI5S12h 


ž -and p thus suggested that D15S12h might be deleted in radiation- 
«induced p-locus mutations, and Southern blot hybridization 


analysis demonstrated that ‘all DNA fragments hybridizing to 
DN10 are deleted in the mouse mutations p¥86Ote p6h, 
Boro. pe and di (Fig. 1b). 

©The DN10 cDNA detects an RNA expression pattern in 


nouse tissues consistent with the phenotypic effects of p muta- 


tions. DN10 recognizes. two transcripts of 3.4 kilobases (kb) 
~~ and 1.9kb (Fig. 2a): 
- mRNA, derives from the D15S12h locus, because it is not 


The 3.4-kb mRNA, but not the 1.9-kb 





SH 7H mice (Fig. 2a, lane 14), in which 


_ D15812h is deleted (Big: 1b): (Thus the 1.9- -kb mRNA is derived 

from a DN10-related locus outside the p® deletion (see also 
Fig. 2 legend) and will not be considered further.) The 3.4-kb 
~ mRNA is. expressed highly i in B16 melanoma, in albino (c/c) 
cre skin (which contains melanocytes but no pigment) and in skin 





FIG. 1 Molecular sien’ of the D15S12h locus in mice. a, Segregation of > 


D15S12h haplotypes in 182 members of an interspecies backcross??? - 


(129/Ri-pe“"/pe™" x M. spretus} x129/RI-pc°"/pe"". Filled boxes represent. X: 


129/Ri BamHI restriction fragment length variants (RFLVs) (6 kb and 3.3 kb}: 


open boxes represent M. spretus RFLVs (7.7 kb and 3.6kb). Numbers of ~ 


animals in each class are indicated. b, Southern blot analysis of lethal 
p-locus mutations with the human DN10 cDNA probe. DNA from mice of 
the indicated genotypes was digested with BamHi and hybridized to DN10 
(upper panel) or control probe 23.3 from the more distal chromosome-7 
Emv-23 locus”? (lower panel). Designations are abbreviated forms of the 
complete genotype (for example, 6H represents p°"). c Southern biot 
analysis of p™/p™ and. control DNA. Hindili-digested DNA (lanes 1-4) from 

p/p", p™/p®™, and inbred strains C57BL/6J and AKR/J were hybridized 
to DNIO. Arrows indicate fragments duplicated in p°" DNA (lane 1): all other 
bands are of equal intensity, with the exception of the 1.6-kb fragment. 
which is too faint to determine. Bands detected by subfragments of DN10 
(EcoRi-Taqi 912, Taql-Tagl 1412; see Fig. 4 for designation) are shown to 
the right. Our data indicate the duplication is > 18.6 kb; re-evaluation of the 
data in ref. 12 shows that the minimum size of the duplication is 51.8 kb. 
METHODS. Mice carrying p°", and DNA from p®/p®, p/p", and inbred 
Strains were purchased from the Jackson Laboratory. Breeding stocks carry- 
ing p™° were provided by H. G. Wolfe, University of Kansas. Ali other mice 


were bred at Oak Ridge National Laboratory. Lethal mutations at the chromo- ee 


some-7 pink-eyed dilution (p) locus were recovered?" opposite the original 
p mutation, and are maintained by outcross to +/+ mice, with progeny 
testing for p. Neonates or juvenile mice homozygous for p7*P®%" or pS" 


respectively, or compound heterozygotes involving p®" or pee and any | 


of the prenatally lethal mutations p*®°F'°?, piec or p?°©’T were identified 
in the progeny of a cross of appropriate heterozygotes by their pink eye 
and/or dilute fur colour. The p°"**"" reversion of p’° was recognized in a 
mottled pink-eyed-dilute///wild-type mosaic. Wild-type heterozygotes 
(p*"/p"" **") were obtained from across of the mosaic by p°"/p"". Wild-type 
homozygotes (pT tin / pun tiRn) obtained from a cross of heterozygotes, 
were identified by progeny tests to p/p mice. DN10 is a 3.2-kb cDNA from 
a human fetal brain library? that detects 12 fragments totalling 110kb in 
Hindlll-digested human DNA; all fragments but one (see Fig. 3 legend) map 
to 15q11-q13 on the basis of hybridization to DNA from somatic cell hybrids 
(unpublished data). A human MYOD1 cDNA’? and the piGF-I-R8 cDNA? 
were used as probes for the Myod-1 and igfir loci, respectively. DNA 
preparation and Southern blot hybridization were as described*®*, except 
that mouse filters hybridized to ON10 received a final wash of either 1 x SSCP 
at 65°C cr 0.1 xSSC at 39°C. 


from agouti (A/ A; combination of yellow and black) and non- 


agouti (a/a; black) mice (Fig. 2a, lanes 3, 4, 9, and 10). The ee 
3.4-kb mRNA is not expressed i in W/W” skin (lane 17), which” 


lacks melanocytes, or in any skin that exclusively produces 
yellow pigment due to mutations at the agouti locus (lanes 6; 
7, and 8). Of particular interest is the expression in a'/a‘ mice, 
in which the 3.4-kb mRNA is expressed in the black dorsal skin 
but not in the yellow ventral skin (lanes 5 and 6), in contrast 
to expression in black ventral skin of a/a mice (lane 10). Thus 
in cases in which pigment is produced, the presence of the 3.4-kb 
transcript correlates completely with the presence of black pig- 
ment, consistent with the effects of p mutations on eumelano- 
somes, while having little or no effect on pheomelanosomes'”, 
The 3.4-kb mRNA is expressed in skin of mice homozygous 
or hemizygous for the original p mutation, but at a very reduced 
level (Fig. 2a, lanes 11 and 12), consistent with genetic data’? 
indicating that p is a low activity rather than a null mutation. 
Of particular importance is the result obtained in p°"/ p“" skin. 
The p*" (pink-eyed unstable) mutation results in a phenotype 
indistinguishable from that of p/p homozygotes, except that p°” 
reverts to wild type at a high frequency’! and is associated with 
genomic duplication'’*. The DN10 probe recognizes an aberrant 


4.3-kb mRNA in p°"/p*” skin (Fig. 2a, lane 1), but detects a 


correctly sized 3.4-kb mRNA in the normally pigmented skin 
of a homozygous pentiRa 7 pnt” revertant (Fig. 2a, lane 2). 
This is consistent with our observation that 5' and 3° DNIO 


probes (912 and 1412, respectively) detect both duplicated and. g 


non-duplicated restriction eee in Southern blot a 
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FIG. 2 Northern blot analysis of mouse and human tissue RNA with the 
DN10 cDNA. a, Mouse blot using (upper panel) DN10 probe or (lower panel) 
chicken tubulin control probe. Sizes of the transcripts (in kb) are given. 
Poly(A)* RNA is from mouse skin (lanes 1-17) or from B16 melanoma (lane 
18). Lane 1, a/a; p“"/p””, postnatal d8, whole-trunk, non-agouti pink-eyed 
dilute; lane 2, a/a; p°"***"/p""**™, d8, whole-trunk, non-agouti black; lane 
3, +/+, d11, dorsal, agouti; lane 4, +/+, d11, ventral, agouti; lane 5, a*/a', 
d9, dorsal, black; lane 6, a‘/a‘, d9, ventral, yellow; lane 7, A”/+, d6, dorsal, 
yellow; lane 8, A”/+, d6, ventral, yellow; lane 9, a/a, d6, dorsal, non-agouti 
black; lane 10, a/a, d6, ventral, non-agouti black; lane 11, a/a; p/p, dT, 
whole-trunk, non-agouti pink-eyed dilute; lane 12, p/p*°°"'°°, d4, whole-trunk, 
agouti-pink-eyed dilute; lane 13, p/ +, d4, whole-trunk, agouti; lane 14, a/a; 
p/p. d7, 10, whole-trunk, non-agouti pink-eyed dilute; lane 15, a/a; 
p®/p7"’?™ 410, whole-trunk, non-agouti dark pink-eyed dilute; lane 16, c/c. 
d6, whole-trunk, albino, no pigment: lane 17, W/ W*, d6, whole-trunk, albino, 
no melanocytes; lane 18, a/a, B16 melanoma, non-agouti black. p™7™ is 
a viable, radiation-induced mutation of p that has minor effects on 

tion. See ref. 1 for a review of genotypes and phenotypes. b, Poly(A)” RNA 
was used from the following human tissues or cells: pancreas (lane 1), 
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kidney (lane 2), skeletal muscle (lane 3), liver (lane 4), lung (lane 5), placenta 
(lane 6), brain (lane 7), heart (lane 8), melanocytes (lane 9), and HEL 
erythroleukaemia cells (lane 10). 

METHODS. Poly(A)* RNA was prepared by standard procedures” and ana- 
lysed by electrophoresis through 1% agarose/0.22 M formaldehyde (mouse) 
or 1% agarose/0.92M formaldehyde (human melanocytes and HEL cells) 
and hybridization to radiolabelled probes. A northern blot containing 2 ug 
each of polyadenylated mRNAs from various human tissues was purchased 
from Clontech, The hybridization probe was prepared by polymerase chain 
reaction (PCR) using oligonucleotides RN19 (5'-CCATATCCATGCTGTICTGC- 
AATCCC-3’) and RN48 (5'-CCCAGCCTGACCCATGTGGTGG-3’) as primers and 
plasmid containing DN10 as template, followed by gel purification of the 
1.4-kb PCR product. After hybridization, the final wash was at 60°C in 
0.1 x SSPE and 0.5% SDS. The 1.9-kb mRNA in the mouse (see text), detected 
by both DN10 and a 2.1-kb probe derived from the DN10 cDNA by PCR 
using primers RN14 (5'-GGATCAAGGAAAGCTCTGGCAGCTG-3’) and RN19, is 
present in all tissues examined (data not shown). Probes from the co-ligated 
sequence 3’ to the poly(A) recognition site (Fig, 3) in DN10 did not hybridize 
to mouse RNA. 








CACTECEEGAGAAAGATCTGCAAGTGCGCAGAGAGAAGACTGGCAG7GGACCATGCATCT 
M HOD 


pa 





61 SGAGGGCAGAGACGGCAGGCGGTACCCCOGCGCGCCGGCGGTGGAGCTCCTGCAGACGTC 
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FIG. 3 Molecular characterization of human P cDNA and the » 
putative P polypeptide. a Nucleotide and deduced amino-acid 
sequences of human P cDNA. Composite DNA sequences of 
DN10 plus three additional 5° P cDNAs are shown. Twelve 
putative transmembrane domains*’** are boxed; potential 
N-glycosylation sites are indicated by bars, potential protein 
kinase C phosphorylation sites by triangles, and translational 
termination codons by asterisks; the poladenylation signal is 
double-underlined and a melanocyte-specific downstream 
element”? is singly underlined. The cDNA sequence presented 
ends where the genomic sequence (unpublished data) di- 
verges; the DN10 cDNA clone contains another 547 nucleo- 
tides that represent a co-ligated CDNA derived from an unre- 
lated non-chromosome-15 locus (data not shown). The human 
P cDNA sequence has been deposited in GenBank (accession 
number ae) b, DNA: e of a ea inor alterna- 














of py p™ DNA (Fig 1c shows results with the complete DN10 
cDNA), but not in the revertant (data not shown), implying 
at the duplication is intragenic. These expression and struc- 











ral data for p"" provide strong evidence that the DNIO cDNA 
corresponds to the p gene itself, because reversion to wild-type 
-pigmentation is accompanied by a restoration of the normal 
-DN10/D15S12h_ transcript. We designate the human 
omologue of the murine p locus by the gene symbol P. 

“A probe derived from DN10 hybridized to an abundant 3.4- kb 
transcript in poly(A)” RNA from normal primary human 
melanocytes (Fig. 2b), which is not present in human pancreas, 
“kidney, skeletal muscle, liver, lung, placenta, heart, HEL eryth- 
- roleukaemia cells or adult brain (Fig. 2b). The DNA sequence 
- and deduced amino-acid sequence of the human P polypeptide 
-was determined from four cDNA clones (Fig. 3a). The DN10 
-cDNA clone contains an alternatively spliced exon present in 
“only a small fraction of P mRNA from human melanocytes and 
-fetal brain (Fig. 3b). The sequence of the putative human P 
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os Inclusion of the IR10-1 exon introduces a frameshift and translational 
rmination at codon 669 of the minor P-derived mRNA. c Modet for 
oe rangement of the P polypeptide in the membrane. Charged amino acids 
a are: shown as circles (negative charge D, E +, H ++, K, R), with neutral 
E amino acids in the connecting line. Putative transmembrane segments are 
depicted as cylinders 1-12; numbers indicate the inner and outer boun- 

a dary. Six potential N-glycosylation sites are denoted by forks. 
- METHODS. DN10 cDNA extends from nucleotides 358-3,070. Three addi- 
ict tional human P cDNAs were obtained by screening two human melanocyte 
-CDNA libraries using 370-bp (nt 358-735) and 260-bp (nt 118-358) frag- 
ments from the 5’ end of P cDNAs. Poly(A)” mRNA was prepared from 
x5 10° log phase normal primary human melanocytes (NHEM337; Cionetics) 
and Lpg used to prepare oligo(dT)-primed cDNA as described”°. One- 
r, ‘twentieth of the reaction was used as template for 30 cycles of PCR with 
A different pairs of DN10-derived primers. Parallel PCRs were carried out 
using: 0.1 pg normal human genomic DNA as template. One-fifth of each 
SUPOR: was analysed. by. electrophoresis in a 5% polyacrylamide gel. Most 
DN10 prime parso did not oad any a when normal human genomic 





















polypeptide predicts an integral membrane protein wit ) 
transmembrane domains (Fig. 3a and c). Searches. of r 
acid (GenBank/EMBL rel. 71) and protein (NBRE-PIR rel. 3 
databases showed the best match (21% identity) to a tyrosine 
specific transport protein from Escherichia coli’ (accession 
number, GRECY), which appears to contain 12 transmembrane 
domains. A structural arrangement of 6-12 transmembrane 
domains is common among mammalian proteins that transport 
small organic molecules'*. We speculate that the P polypeptide 
may be a component of the melanosomal membrane, possi aly 
involved in the transport of tyrosine, the primary precursor to 
melanin biosynthesis’. In this regard, it is intriguing that pig- 
mentation of melanocytes from p/p mice'®, and also from 
human patients with type H oculocutaneous albinism (OC Ay 
is greatly increased by incubation in excess exogenous tyrosine. 
Deletion of P might be responsible for the mild hypopig- 
mentation usually found in Prader-Willi (PWS) and Angleman . 
(AS) patients with 15q11-q13 deletions (see ref. 8 for review). 
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DNA was used as template (data not shown), suggesting that the human P 
gene contains many large intervening sequences. in contrast, all but one. 
primer pair amplified the expected size fragments from melanocyte CDNA, . 
Primer pair RN46 (5'-CCCTGGCATTICATCTTGATC-3'/RNSO (5'-CTATTAAG.- 
TGGAGATGTGCC-3'} amplified a major 174-bp product from melanocyte 
CDNA, 77 bp shorter than the expected 251-bp product. This pair of primers ; 
spans a segment corresponding to an exon present in genomic cione 
IR10-1. which was the probe originally used to isolate the DNIO cDNA”. To 
determine whether the 174-bp RN46/RN50 PCR amplification product corres. 
ponds to cDNA lacking the /R20-1 exon, we cloned this PCR fragment in 
M13mp18 and determined the DNA sequence of six clones; the /R10-1 exon 
was precisely deleted from each, but otherwise agreed with the nucleotide . 
apes of DN10 ee not shown). Similar results were a z taine from a | 


lacks the R10-1 exon: the sequence of — Seana tran 3 pt 
in a DNA sequences were analysed using the DNASTAR 5 BE 
software packages and {ALIGN™*. oe 





LEIERS IU NAIURE | 


ee ee ae SS 


In fact, normal pigmentation is observed in a PWS patient with 
an unbalanced translocation in which all loci except DIS5S12 
are deleted’. 

A surprisingly large number of PWS and AS patients also 
exhibit clinical features characteristic of tyrosinase-positive 
(type II) OCA, including severe hypopigmentations, decreased 
visual acuity, nystagmus and strabismus’®-?' (J. Clayton-Smith, 
S. Saitoh, personal communications, and our unpublished data); 
these atypical PWS and AS patients may be hemizygous for 
mutant alleles of a gene responsible for type II OCA. Accord- 
ingly, we carried out Southern blot hybridization analysis of the 
P gene in a PWS patient who also has type II OCA. Karyotype 
analysis demonstrated a de novo deletion of 15q11-q13, and 
molecular analysis demonstrated that the deletion included 
D15S12 and other proximal markers typically deleted in 
PWS***". In contrast to 15 other PWS/AS patients who do not 
have OCA (unpublished data), probes from both the 3’ (Fig. 4, 
right) and central (Fig. 4, left) part of the DNI0 cDNA identify 
homozygous deletion of a 6.6-kb genomic HindIII f ragment in 
the PWS/OCA patient. Furthermore, this fragment was of 
reduced intensity in the mother ( Fig. 4). All other bands detected 
by the cDNA (with one exception: see Fig. 4 legend) are normal, 
except for the expected reduced intensity in the patient. These 
data demonstrate that the patient has a partial deletion of the 
P locus in the chromosome 15 inherited from his mother, and 
that the entire locus is absent from the paternally derived 
chromosome. The prevalence of type II OCA among PWS and 
AS patients, perhaps 1% (refs 19-21; J. Clayton-Smith, S. Saitoh, 
personal communications, and our unpublished data), is con- 
sistent with the expected frequency of carriers of type II OCA, 
given a frequency of the disease of ~1 per 36,000 in caucasians'’. 
Recently, genetic linkage has been demonstrated” between type 
II OCA and markers in 15q11-q13. Together these findings 
indicate that mutations of the human P gene may account for 
a significant fraction of cases of type Il OCA, the most frequent 
form of oculocutaneous albinism worldwide". 

The pigmentation defects observed in PWS and AS constitute 
one component of these contiguous gene syndromes, indepen- 
dent of the primary, imprinted genetic element(s) that result in 
the major clinical features of these syndromes’. We have shown 
here that specific defects in this single gene (P) are also likely 
to result in the phenotype of type II oculocutaneous albinism 
in man and pink-eyed dilution (p) in mouse. This study 
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FIG. 4 An inherited P (015S12)-locus deletion in a patient with PWS and 
tyrosinase-positive oculocutaneous albinism. Hindill-digested DNA from the 
patient (P), his father (F), mother (M), and a control (C) were hybridized to 
the 1,412-bp (left panel) or 680-bp (right panel) probes derived from the 
DN10 cDNA. Similar results were obtained with EcoRI, BamHI and Kpnl (data 
not shown). Hatched box illustrates the position of the inherited deletion 
demonstrated in the patient and mother; open boxes, cDNA clones; E, EcoRI: 
T, Taqi; poly A, polyadenylation site. The deletion detected by the 1.412-bp 
probe includes only the last exon of the P gene (Fig. 3a and unpublished 
data). The second fragment (23 kb) detected by the 680-bp probe is from 
an unrelated locus (see Fig. 3 legend) and serves as a control for the amount 
of DNA loaded in this experiment as it is not deleted. A clinical and cytogenetic 
description of the proband with PWS and type II OCA is given in ref. 21. 
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exemplifies the combined use of human and mouse genetics to 
dissect human genetic diseases involving multiple genes and 
complex phenotypes. 

Note added in proof: While this letter was under review, 
J. M. Gardner et al.” also reported identification of the mouse 
p gene. o 
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PHOTOBLEACHING of rhodopsin in rod photoreceptors activates 
the visual cascade system leading to a decrease in cyclic GMP 
and the closure of cGMP-gated channels in the rod outer segment 
plasma membrane'~*. Calcium plays an important role in the 
recovery of the rod outer segment to its dark state by regulating 
the resynthesis of cGMP by guanylate cyclase* 7. Here we report 
that calmodulin, a Ca**-binding protein present in the rod outer 
segment™”, increases the apparent Michaelis constant of the chan- 
nel for cGMP. This results in a decrease in the rate of cation 
influx into the rod outer segment by two- to sixfold at low cGMP 
concentrations and has the effect of increasing the sensitivity of 
the channel to small changes in cGMP levels during phototrans- 
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` duction. Biochemical studies indicate that calcium-calmodulin 
` binds to a protein of M, 240K which is tightly associated with the 
channel’. On the basis of these studies, Ca? is suggested to play 
central role in photorecovery and light adaptation, not only by 
egulating guanylate cyclase, possibly through recoverin”’, but 
also by modulating the cGMP-gated channel through calmodulin 
teraction with the 240K protein. 

-The effect of calmodulin on the cGM P-gated channel activity 
- was investigated using a calcium ion: flux assay. The Ca**- 
_ sensitive dye, Arsenazo III, was trapped inside the rod outer 
`- segment (ROS) membrane vesicles and the rate of Ca?* influx 
: was measured spectrophotometrically'' as a function of cGMP 
< concentration in the presence and absence of calmodulin (Fig. 
a,b). The apparent Michaelis constant (K,,) for cGMP 
> : increased from 19+0.4 uM in the absence of calmodulin to 
~=. 3342 pM in the presence of Ca**-calmodulin. This change in 
` Ka translates into a relatively large change in the rate of Ca** 

-influx (sixfold) at 12.5 pM cGMP. The Vmax and the cooperativ- 
‘ity for cGMP as determined by a Hill plot, however, was 

_ unaffected by Ca?*-calmodulin. Other calcium-binding pro- 

‘teins, including recoverin and S-100° protein, had no effect on 

“channel activity under similar conditions. The Ca**~-calmodulin 
“effect on channel activity was also inhibited by excess mas- 
toparan, a calmodulin inhibitor’. 

A neutral red dye assay'* was used to determine the effect of 
‘Ca2*-calmodulin. on the cGMP-dependent influx rate of 
different cations into ROS membrane vesicles. At 20 yM cGMP, 
Ca2*-calmodulin decreased the initial rate of ion influx by 

<- 2-3-fold for all cations except Mg*” (Fig. 2). The smaller 
r _ decrease for Mg”* (1.4-fold) may be due to the interference of 
high Mg”* concentration on the interaction of Ca?* with cal- 
‘modulin'*. For Ca?* influx rates using the neutral red assay, 












4.0 ot 





Lannan aapna aan eaaa 


o 10 20 30 40 50 6&0 
cGMP concentration (uM) 


FIG, 1 a, Effect of calmodulin on the activation kinetics of the cGMP-gated 
- channel. The relative initial velocity of channel activation by CGMP was plotted 
gainst the concentration of cGMP either in the presence (MB) or absence 
@) of calmodulin. in the absence of calmodulin, the channel had an apparent 
~ of 19 pM and a Hill coefficient of 3.8 for cGMP. In the presence of 
almodulin, its Kn increased to 33 pM, but its Hill coefficient remained the 
“game at 3.8. These assays were done in three separate experiments using 
= o different ROS membrane vesicle preparations; in all cases an increase in 
0 Km (from 19 +0.4 uM to 33+ 2 pM) in the presence of calmodulin without 
-significant change in either the Vmax or the Hill coefficient (n=3.7 +0.1 and 
_n=3.5+046 in the absence and presence of calmodulin, respectively) was 
< observed. The solid curved lines are calculated from a sigmoidal binding 
->v igotherm** using the indicated Km and Hill coefficients. b, A typical trace 
ve for cGMP-dependent influx of Ca** into ROS vesicles containing trapped 

:  _ Arsenazo Ill. A cGMP concentration of 12.5 pM was used to initiate the 

j influx of Ca?" either in the presence (+) or absence (—) of calmodulin. 

-METHODS. ROS membrane vesicles were loaded with Arsenazo ili dye as 
follows: ROS membranes were washed twice in buffer A (10 mM HEPES 
ey pH 7.4, 1 mM DTT, 1 mM EDTA and 0,1 mM diisopropylfluorophosphate {(DFP)) 
-and. once in buffer B (2 mM HEPES, pH 7.4, 0.2 mM DTT and 0.02 mM DFP) 

to remove soluble proteins. The membrane pellet was then resuspended in 
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from 34M to 51M without affecting the Hill coefficient 
(n=2.2). The higher Km and lower Hill coefficient obtained 


analogue to ROS membranes. It is likely that th 
effect on cGMP binding is related to the effect 
calmodulin modulation of the cGMP-gated channel as reported 
here. l 
A 240K protein previously shown to be tightly associated with. 

the cGMP-gated channel of ROS membranes'” has been identi- — 
fied as a major calmodulin-binding protein of ROS membranes 
by affinity chromatography and western blotting. Two poly- . 
peptides of apparent M, 63K and 240K were isolated as. the 
major constituents by calmodulin affinity chromatography (Fig. 
4 (left), lane b). These polypeptides comigrated with the 63K _ 

and 240K polypeptides of the cGMP-gated channel complex 
isolated on an anti-channel immunoaffinity column’®° (Fig. 4 
(left), lane c). Western blots labelled with antibodies to the 
channel and to the 240K protein"? confirmed that the calmodulin 

affinity column extracted the 63K/240K cGMP-gated channel 
complex from ROS membranes (Fig. 4 (middle)). A western oo 


blot labelled with '**I-calmodulin in the presence of Ca"? was 
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buffer B at a concentration of 12 mg protein per mi. The ROS membrane. 

was then bleached by continuous white light and subjected to freezing and 
thawing. The membranes suspended in 10 mM HEPES, pH 7.4, 100 pM KCI, 
1 mM DTT, and 2 mM Arsenazo Ill were sonicated for 1 min in a beaker of 
water using a broad-tip sonicator probe (Heat Systems-Ultrasanics) at: 
setting 7, The sonicated ROS membranes were then extruded three times. 
through a Lipid Extruder (Lipex Biomembranes, Vancouver) using two layers 
of Nuclepore polycarbonate membranes of decreasing pore sizes from. 
800 nm to 400 nm and finally to 200 nm (ref. 28). The membrane vesicles” 
were then passed through a Sephadex-G50 column (1.5 x 28 cr) equilibrated 
in buffer C (10 mM HEPES, pH 7.4, 1 mM DTT and 100 mM KCI) to remove. 
untrapped dye. The eluted vesicles were further dialysed against buffer. Bo 
for 3h. ROS membrane vesicles containing trapped Arsenazo Iii dye were > 
then added to buffer C in a cuvette to a final volume of 2ml anda protein 
concentration of 0.29mgmi-* either in the absence. or presence of 
4 yg mI™ (235 nM) calmodulin (Sigma). Stock CaCl, (4 ul) was then added 
to give a final concentrations of 100 pM CaCl, . One minute after tion 
of calcium, the calcium influx assay was initiated by the injec 
varying concentrations of cGMP. The change in absorbance 
at 650-730 nm using a SLM Aminco DW 2000 dual-wavelengt 
photometer. ce 
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used to identify the calmodulin-binding proteins. Although cal- 
modulin labelled several polypeptides of apparent M, 240K, 
140K, 70K, 67K and 35K in both the ROS membrane and 
calmodulin affinity-purified fraction (Fig. 4 (right), lanes a and 
b), only the 240K polypeptide was labelled with calmodulin in 
the immunoaffinity-purified channel complex (Fig. 4 ( right) lane 
c). Calmodulin affinity chromatography has also been used to 
purify a related 63K/240K channel complex from pig and rat 
ROS membranes. This suggests that the channel complex and 
its interaction with calmodulin is conserved, at least for mam- 
malian ROS. These results indicate that calmodulin affinity 
chromatography can be used to purify the cGMP-gated channel 
complex from ROS membranes and that the 240K channel- 
associated polypeptide binds calmodulin in a Ca**-dependent 
manner. On the basis of these findings, calmodulin modulation 
of the channel activity is likely to occur through Ca**-dependent 
interaction of calmodulin with the 240K channel-associated 
protein. The molecular identity of the 240K protein is not yet 
known. Previous studies have indicated some immunocrossreac- 
tivity between the 240K ROS protein and the a@-subunit of red 
blood cell spectrin and brain fodrin'®'. These proteins have 
been reported to bind to calmodulin”, 

Results reported here suggest that changes in cytoplasmic 
Ca** concentration during the photoresponse can affect the 
activity of the cGMP-gated channel. The channel is opened in 
response to the cooperative binding of cGMP to the 63K channel 
subunits. The affinity of the channel for cGMP is further modu- 
lated by the level of cytoplasmic Ca** through the binding of 
Ca**-calmodulin to the channel complex. This Ca?*-calmodulin 


Activity (%) 





Ca?+ Mg?* Ba2* Mn2* Na+ K+ Li- Cst 


FIG. 2 The initial rate of cGMP-dependent influx of different monovalent 
(Na*, K*,Li* and Cs*) and divalent (Mg?*, Ba?* and Mn2*) cations into ROS 
membrane vesicles in the presence (solid) and absence (cross-hatched) of 
calmodulin. A cGMP concentration of 20 uM was used to initiate cation 
influx. The initial velocity of Ca?* flux in the absence of calmodulin was set 
at 100%. All ions except Mg** showed a two- to threefold decrease in 
initial velocities in the presence of Ca?*-calmodulin. 

METHODS. ROS were washed once in buffer A (10 mMHEPES/arginine, pH 7.4, 
0.5mM DTT, 1 mM EDTA) and once in buffer B (10 mM HEPES/arginine, 
pH 7.4 and 0.5 mM DTT) to remove soluble proteins. The membrane pellet 
was then resuspended in buffer B at a concentration of 14 mg protein per 
mi and then subjected to freezing and thawing. The membranes were then 
mixed with an equal volume of the resuspension buffer (20 mM HEPES/ar- 
ginine, pH 7.4, 10% sucrose, 2.5% Ficoll, 0.5 mM DTT) and extruded four 
times through the lipid extruder using one layer of Nuclepore polycarbonate 
membrane of decreasing pore size from 800 nm to 400 nm. The assay was 
modified from ref. 13. The membrane vesicles were added to the assay 
buffer containing 20 mM HEPES/arginine, pH 7.4, 5% sucrose, 0.5 mM DTT, 
30 uM neutral red, 1 uM trifluoromethoxycarbonylcyanide phenylhydrazone 
and with or without 400 nM calmodulin to make up a total volume of 2 ml 
and a concentration of 0.5 mg protein per mi. The assay was initiated by 
the addition of 50 pl of 0.5 M of various ions (12.2 mM final concentration) 
containing 0.4 mM CaCl, (10 uM final concentration), followed by the addition 
of 4 ul 10 mM cGMP (20 uM final concentration) 1 min later. The change in 
absorbance was monitored at 540-650 nm using a SLM Aminco DW 2000 


dual-wavelength spectrophotometer. 
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FIG. 3 Calcium dependence of calmodulin effect on the CGMP-gated channel 
activity. The initial velocity of Na* influx in the presence of 10 nM Ca?* but 
in the absence of calmodulin was designated as 100% activity. The assay 
was done either in the presence (W) or absence of calmodulin (@) and with 
20 uM of cGMP. Results of three sets of experiments in the presence of 
calmodulin are shown with standard deviations marked by errors bars. 
METHODS. Assay procedures are as described for Fig. 2. Assay buffer 
containing different concentrations of CaCl, was prepared according to the 
program of Fabiato*®. The following ratios of Ca?* to 1 mM EGTA were used 
(estimated free Ca** in parentheses): 0.134 (10 nM), 0.279 (25 nM), 0.436 
(50 nM), 0.607 (100 nM), 0.755 (200 nM), 0.830 (316 nM), 0.860 (398 nM). 
0.908 (631 nM) and 0.940 (1,000 nM). 


effect on the channel is most pronounced at low cGMP con- 
centrations as found under physiological conditions’. Regula- 
tion of the channel by cGMP and Ca**-calmodulin is in some 
Ways analogous to the regulation of haemoglobin by oxygen 
and pH (Bohr effect), in which small changes in pH alter the 
affinity of haemoglobin for oxygen. 

The Ca**-calmodulin effect on the CGMP-gated channel can 
be incorporated into the current model for photoexcitation and 
photorecovery'*'*. In the dark, the free cGMP level in ROS, 
estimated to be about 4-10 uM, maintains a small but significant 
number of channels in their open state”, allowing for the influx 


of Na* and Ca**. Under these conditions, the cytoplasmic Ca?* A 


is maintained at a relatively high concentration (~0.3 uM) by 
balancing the influx of Ca?* through the channel with the efflux 
of Ca** through the Na*/Ca**-K* exchanger. Under these 
conditions, guanylate cyclase is maintained at its basal level of 
activity and the cCGMP-gated channel is in its low affinity (high 
Km) state for CGMP through Ca**-calmodulin binding to the 
240K channel-associated protein. Photoexcitation leads to the 
activation of phosphodiesterase and a decrease in cGMP levels. 
The decrease in total CGMP has been reported to be only 10-15% 
(ref. 24), but the decrease in free cGMP has not yet been 
measured. Because the channel is in its low-affinity state, it may 
be positioned on the cGMP dose-response curve to be sensitive 
to a small decrease in free CGMP concentration, thus facilitating 
its closure. A decrease in cytoplasmic Ca** levels (estimated to 
be below 100 nM) will result because of the decreased influx of 
Ca** through the channel. This decrease in Ca** will activate 
the guanylate cyclase’, possibly through recoverin®’ and limit 
phosphodiesterase activation’. Calmodulin will also dissociate 
from the channel complex and cause the channel to switch to 
its high-affinity state for cGMP. The channel will now reopen 
at a lower cGMP level, thus aiding the recovery of the ROS t 

its dark level as cGMP synthesis proceeds. The opening of the 
channel will in turn restore the Ca** level to its dark level, 
leading to the inactivation of guanylate cyclase and the return 
of the channel to its low-affinity state. Thus, reversible binding 
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FIG. 4 Purification of the cGMP-gated channel complex by calmodulin and 
immunoaffinity chromatography and identification of the 240K channel- 
associated protein as a major calmodulin-binding polypeptide of ROS mem- 
branes. Lanes a, ROS membranes after the extraction of soluble proteins; 
lanes b, EDTA eluant from a calmodulin affinity column; and lanes c, N-terminal 
peptide eluant from an N-terminal-specific anti-channel monoclonal antibody 
(PMc 6E7) column. Left, SDS gel stained with Coomassie blue (CB); middle, 
western blot labelled with an anti-63K channel monoclonal antibody (PMc 
101) and an anti-240K monoclonal antibody (PMs 5E11). Right, western blot 
labelled with *2°l-calmodulin (CaM). Calmodulin was found to bind to the 
240K polypeptide, but not to the 63K channel subunit in the immunoaffinity- 
purified channel complex. No labelling was observed in the presence of 
EGTA. The intense labelling of the 67K and 70K proteins in the calmodulin 
column eluant as compared to the 240K protein is probably due to the low 
transfer efficiency of the 240K protein, 

METHODS. ROS membranes were prepared from freshly dissected bovine 
retinae as previously described*° in the presence of proteolytic inhibitors: 
0.1 mM DFP, 5 pg mi™? aprotinin, 2 pg mi leupeptin, and 2 ug mi~* pep- 
statin. The ROS membranes were washed three times in 10 mM HEPES, 
pH 7.4 buffer containing 1 mM EDTA and solubilized in solubilization buffer 
(10 mM HEPES, pH 7.4, 150 mM KCI, 10 mM CaCl,, 1 mM DTT, 18 mM 3-((3- 
cholamidopropy!)-dimethylammonio)-1-propanesulphonate (CHAPS), and 
0.2% asolectin) at a concentration of 1.5-2 mg protein per mi. Solubilized 
protein (10 mg) was then loaded onto each mi of calmodulin-Sepharose 
column (Sigma) equilibrated in the solubilization buffer. The column was 
then washed with 15 column volumes of washing buffer (10 mM HEPES, 
pH 7.4, 1 mM DTT, 1 mM CaCi,, 15 mM CHAPS and 0.18% asolectin). Cal- 
modulin-binding proteins were then eluted off the column with the washing 
buffer in which 1 mM CaCl, was substituted by 2 mM EDTA. For the antibody 
affinity chromatography, PMc 6E7 monoclonal antibody was purified from 


of calmodulin to the channel complex in response to changes 
in the level of Ca?* has the effect of increasing the sensitivity 
of the channel to small changes in cGMP which may occur 
during the photoresponse. 

Light adaptation chracterized by a decrease in rod sensitivity 
in the presence of background illumination has been shown to 
be mediated by Ca?* (refs 26, 27). Reduced Ca** induced under 
conditions of light adaptation will result not only in an increase 
in cGMP, but also in a higher affinity of the channel for cGMP. 
On this basis, Ca** may regulate photorecovery and light adapta- 
tion not only by regulating guanylate cyclase activity” and 
phosphodiesterase activation > but also by modulating the 
affinity of the channel for cGMP. a 
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ascites fluid and coupled to CNBr-activated Sepharose 2B beads?®. The 
purification of the cGMP-gated channel complex was essentially the same 
as the calmodulin affinity chromatography except DTT was omitted and 
0.9 mg mi~} of synthetic peptide corresponding to the N-terminal of the 
63K ROS channel (Ser-Asn-Lys-Glu-Gin-Glu-Pro-Lys-Glu-Lys-Lys-Lys-Lys- 
Lys) was used to elute the channel complex*®. SDS gel electrophoresis and 
western blotting were done as described*°. Calmodulin was iodinated by 
Bolton-Hunter reagent (NEN) and the labelling of the blot by calmodulin was 
done according to the method of Flanagan et al”. For immunoblotting 
analysis, the blot was first labelled with PMc 6E7 and PMs 5E11 and then 
relabelled with 27°l-labelled goat anti-mouse immunoglobulin and visualized 
by autoradiography. 
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LYMPHOCYTE migration from blood into tissue depends on 
integrin-mediated adhesion to endothelium'~*. Adhesion requires 
not only integrin ligands on the endothelium, but also activation 
signals because T-cell integrins cannot bind well until they are 
activated. The physiological ‘triggers’ for T-cell adhesion are 
unknown, but cytokines may be good candidates as they are 
released during inflammation and trigger adhesion in neutrophils 
and monocytes™*ć. We have identified a cytokine, macrophage 
inflammatory protein-1 8 (MIP-1£), that induces both chemotaxis 
and adhesion of T cells; MIP-1 is most effective at augmenting 
adhesion of CD8* T cells to the vascular cell adhesion molecule 
VCAM-1. We reasoned that, as cytokines in vivo will be rapidly 
washed away, MIP-18 might be bound to endothelial surfaces 
and so induce adhesion in its immobilized form. Here we show 
that: (1) MIP-1f is present on lymph node endothelium; (2) 
immobilized MIP-18 induces binding of T cells to VCAM-1! in 
vitro. MIP-1f was immobilized by binding to proteoglycan: a 
conjugate of heparin with bovine serum albumin and cellular 
proteoglycan CD44 were both effective. We propose that MIP-16 
and other cytokines with glycosaminoglycan-binding sites will bind 
to and be presented by endothelial proteoglycans to trigger 
adhesion selectively not only of lymphocyte subsets, but also of 
other cell types. 
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FIG. 1 MIP-18 induces T-cell chemotaxis and a 
adhesion of T cells to VCAM-1 and fibronectin. a, j 
Chemotactic response of resting T cells to increas- 
ing concentrations of MIP-1 (solid line) or MIP-La 
(broken line). b and c, Adhesion of CD4 T cells 
(long-dash line) and CD8 T cells (solid line) to 
VCAM-1 (b) and FN (c) in the continuous presence 
of increasing concentrations of recombinant 
human MIP-1£. 

METHODS. T cells, CD4* T cells and CD8* T cells 
were prepared by exhaustive negative selection 
from peripheral blood mononuclear cells of normal 
donors using immunomagnetic beads and multi- 
antibody cocktail as described**, Analysis of 
expression of markers (CD4, CD8) on the relevant 
Subsets always showed >96% purity. We use the 
term MIP-18, originally applied to the mouse gene 
product, for its human counterpart used here. a 
Cell chemotaxis was assessed in 48-well micro- 
chemotaxis chambers as described? using 
5-4m polycarbonate chemotaxis membranes 
(Nuclepore) coated by floating overnight on type 
IV collagen (5 ug mi~*) (Sigma)*®. Cells migrating 
to the underside of the membrane were counted 
with an Optomax System IV image analyser. MIP-18 was diluted from cell 
Supernatants from conditioned media collected from SF9 insect cell lines 
that had been infected with baculovirus in which pAT744 MIP-18 cDNA was 
expressed**; MIP-1a was prepared similarly, except that pAT 464 was 
substituted**, All samples were assayed in triplicate and the mean value 
used; lines represent standard errors. b and c, Adhesion was assayed as 
described®”. Purified VCAM-1 (35 ng per well: from W. Newman)?” or fibronec- 
tin (1 ug per well; New York Blood Center) was applied to 96-well microtitre 


Migrating cells per mm? 


From a survey of cytokines, we found that one, MIP-18, was 
unique in mediating both chemotaxis and adhesion-induction 
for T cells (Fig. 1). MIP-18 is a member of the ‘inter- 
crine’/‘chemokine’ family, which includes chemotactic 
cytokines such as the interleukin IL-8, MCP and RANTES’, 
We observed a chemotactic response to MIP-18 over a narrow 
range of cytokine concentrations (Fig. 1a; and data not shown); 
MIP-18 has been reported to induce myeloid cell chemotaxis 
at higher concentrations’ and apparently T-cell chemotaxis”, 
MIP-18 also induces augmented adhesion of CD8 T cells to 
VCAM-1 over a similar concentration range (Fig. 1b); this 


FIG. 2 Immobilized MIP-18 retained by heparin- a 
BSA induces CD8* T-cell adhesion to co-immobil- 
ized VCAM-1 but other cytokines do not. a, MIP-18 
(filled bars) or control medium (open bars) was 
added to wells which had been coated with one 
of four possible combinations of VCAM-1 or BSA 
and heparin-BSA or BSA. The cytokine was washed 
out before CD8* T cells were added and binding 
was evaluated as for Fig. 1. Increased binding in 
the presence of MIP-18 was seen in each of 21 
donors in 13 experiments, with an overall statis- 
tical significance of P<0.001 (Student's t-test). 
b, MIP-18 induces adhesion in the presence of 
heparin-BSA but GRO and RANTES do not. Open 
bar and dotted line define the level of binding of 
T cells to heparin-BSA/VCAM-1 in the absence of 
cytokines. 

METHODS. Purified VCAM-1 (35 ng per well), BSA- 
heparin conjugates** (20 ng per well; from D. 
Roberts) and/or control BSA in PBS were applied 
to plastic plates at 4 °C overnight and the plastic 
binding sites subsequently blocked with BSA. MIP- 


VCAN- 


1B (1:100), control supernatant from SF9 cells BSA 


infected with wild-type baculovirus (1:100), 
GRO/MGSA (10 ng mi~*; from J. J. Oppenheim), or 
RANTES (10 ng mi~*; from J. J. Oppenheim) were added to the wells and 
allowed to bind to plastic-immobilized heparin-BSA at 37 °C for 60 min. 
Free cytokine was then removed by washing the plates 5 times in PBS; 
51Cr-labelled CD8* T cells were added to the plates and the number of cells 
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plates (Costar). °*Cr-labelled T cells and recombinant human MIP-1 (from 
M. Tsang) were added to the plates, settled at 4 °C for 60 min and rapidly 
warmed to 37 °C for 15 min, after which non-adherent cells were washed 
off. y-Emissions of the lysates of adherent cells were counted. Background 
binding of T cells to BSA or collagen was less than 3%. Data are expressed 
as a mean percentage of the binding of T cells from a representative 
experiment; lines represent standard errors. 


augmentation is superimposed on the basal binding to VCAM-1 
with resting T cells”. MIP-B also increases binding of CD8 
cells to the extracellular matrix ligand fibronectin (Fig. 1c), 
although, unlike adhesion to VCAM-1, this response is not 
observed in all donors (data not shown). MIP-18 augmentation 
of adhesion occurs predominantly with CD8* rather than CD4* 
cells (Fig. 1b, c). The induction of adhesion of particular T-cell 
subsets by specific cytokines would make the process of lym- 
phocyte recruitment more flexible and selective??'"', 

We and others'*'’ have proposed that cytokines should be 
most effective when immobilized on the luminal surface of the 
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binding was assayed as described in Fig. 1 legend. Data are expressed as 
mean percentage of T cells binding from three replicate wells: lines represent 
standard errors. 
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endothelium, otherwise blood flow would prevent accumulation 
of effective local concentrations. Chemokines like MIP-18 have 
glycosaminoglycan (GAG)-binding sites and bind heparin™ $, 
There are many biological systems in which the interaction of 
` cytokines with proteoglycans in the extracellular matrix'**'° and 
on cell surfaces'*'”"® is functionally important. We propose a 
novel variation, namely that proteoglycans on an endothelial 
cell can bind and present cytokines to passing leukocytes. 

We have therefore created a biochemically defined model 
system to explore this hypothesis. (1) Heparin-bovine serum 
albumin(BSA) conjugate (a model proteoglycan) and VCAM-1 
(an endothelial ligand for VLA-4) were co-immobilized on plas- 
tic; (2) MIP-18 was added and then washed out to assess only 
the effect of immobilized cytokine; and (3) we assayed binding 
of resting CD8* T cells to all eight combinations of the three 
components: integrin ligand, proteoglycan and cytokine (Fig. 
2a). A marked MIP-18-specific augmentation of binding was 
observed only when both the proteoglycan and the integrin 
ligand were co-immobilized. Other cytokines bearing GAG- 
binding sites such as RANTES and GRO showed minimal 
activity (Fig. 2b; and data not shown). Thus MIP-1f can be 
retained by immobilized proteoglycan and induce T-cell 
adhesion to integrin ligands on that same surface. 

To explore whether cell surface proteoglycan could also pres- 
ent MIP-18 to T cells, we substituted CD44 for heparin-BSA 
conjugate in our model. CD44, a proteoglycan'™™ expressed 
on many cells, including endothelium*', has been implicated in 
T-cell adhesion to endothelial cells. VCAM-1 and purified 
CD44 glycoprotein were co-immobilized, MIP-18 added, incu- 
bated, free cytokine washed out, and the binding of T cells 
assayed (Fig. 3a). The results parallel those with synthetic 
proteoglycan. MIP-18-specific augmentation of binding was 
consistently observed only when CD44 and the integrin ligand 
VCAM-1 were co-immobilized. MIP-18-specific augmentation 
of adhesion to VCAM-1I was not observed with a control gly- 
coprotein (CD45; data not shown). Blocking studies with mono- 


FIG. 3 MIP-16 retained by purified CD44 protein 
induces CD8* T-cell adhesion to co-immobilized 
VCAM-1 in a fashion that is dependent on VLA- 
4/VCAM-1 and GAG. a, Experimental design is 
identical to that for Fig. 2a but uses purified CD44 
in place of heparin-BSA. MIP-18 (filled bars) or 
control (open bars) was added to the wells and 
washed away before assaying adhesion. Increased 
binding in the presence of MIP-18 has been seen 
in each of 11 donors in 7 experiments, with an 
overall statistical significance of P<0.001 
(Student's t-test). b, Inhibition of CD44-immobil- 
ized MIP-18-induced T-cell adhesion to VCAM-1 
by monocional antibodies against 61 integrins and 
VCAM-1. c, Effect of free GAGs on T-cell adhesion 
to VCAM-1 induced by CD44-immobilized recom- 
binant MIP-18. GAGs were applied to plates before 
addition of MIP-18 and washed away when MIP-18 
was removed. Dotted line indicates the level of 
binding of T cells to CD44/VCAM-1 in the absence 
of MIP-1£. 

METHODS. CD44 glycoprotein was purified from a 
monocyte-rich preparation of peripheral blood 
mononuclear leukocytes by immunoaffinity 
chromatography using monoclonal antibody raised 
against CD44, NIH44-1 (ref. 39), and applied at 
~1 ng per well (estimated by silver staining). The 
preparation consists of NIH44-1-immunoreactive 
components with M,s estimated as dominant ~80-90K and minor ~200- 
220K by western blotting after transfer from a reducing SDS-polyacrylamide 
gel; VCAM-1 and/or control BSA were co-immobilized as for Fig. 2. MIP-18 
(1:100) or contro! conditioned medium was added to plastic co-immobilized 
protein for 30 min, free cytokine was then washed out and adhesion was 
assayed as for Fig. 2. In b, the following monoclonal antibodies were added 
at saturating concentrations of 10 pg mi~*: anti-VCAM-1 mAb 2G7 (from 
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clonal antibodies confirmed that adhesion was mediated by 
T-cell VLA-4 binding to VCAM-1 (Fig. 3b). The presence of 
heparin and heparan sulphate during the phase of MIP-18 
immobilization substantially inhibited subsequent adhesion 
induction (Fig. 3c), suggesting an involvement for GAG- 
binding. 

MIP-16 is produced in large amounts by monocytes, fibro- 
blasts and lymphocytes early after activation in vitro™™*; in vivo, 
it might bind to proteoglycan on the endothelial surface at 
inflammatory sites and be presented as an adhesion-inducing 
stimulus to passing leukocytes. Our hypothesis is supported by 
the detection of MIP-18 on endothelium in lymphoid tissue 
(Fig. 4) as well as on endothelium at sites of inflammation such 
as tonsil (data not shown). Interleukin-8 induces granulocyte 
adhesion™*° 
endothelium’, findings that taken together with our MIP-18 
results indicate that endothelial presentation of pro-adhesive 
cytokines may be a general mechanism". 

Endothelial cells express many proteoglycans, whose struc- 
ture and density depend on the type of endothelium and its 
activation status'*?’**, Our data indicate that cytokines are 
among the many proteins that bind to endothelial surfaces in a 
GAG-dependent fashion'*. CD44, which we have used as a 
model proteoglycan, is a plausible candidate for in vivo presenta- 
tion of pro-adhesive cytokines; such a role for endothelial CD44 
would be additional to the apparent role of T cell CD44 in 
T-cell binding to endothelium*’. CD44 and other endothelial 
proteoglycans show structural diversity in both their protein 
core and their carbohydrate side chains'**’; this could introduce 
additional specificity to cytokine presentation during adhesion 
cascades™". 

A model adhesion cascade has been proposed to explain 
adhesion of many leukocyte subtypes to endothelium (reviewed 
in refs 2, 3, 31, 32). Circulating cells are first loosely ‘tethered’ 
to endothelium by selectin-mediated adhesion. This would allow 
presentation of proteoglycan-bound MIP-18 by endothelial cells 
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W. Newman); VLA-4(CD49d) mAb L25 (Becton-Dickinson); 61 (CD29) mAb 
MAB13 (from K. Yamada) and CD18 mAb MHM23 (from J. E. Hildreth). In e 
MIP-18 was used at 10 ng mi“? final concentration. The following free GAGs 
were added to wells before addition of MIP-18: heparan sulphate proteogly- 
can (HSPG) (30 ug mi~*; Collaborative Research), heparin sodium (15 U mi * 
LyphoMed) and hyaluronic acid (HA) (100 pg mi *; Sigma). GAGs and MIP-18 
were removed at the same time by extensive washing. 
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FIG. 4 Presence of MIP-18 
on lymph node endothelium 
detected by immunohisto- 
chemistry. Many vessels 
show positive endothelial 
Staining, including some 
with the morphology of 
high endothelial venules 
(arrowed). 

METHODS. Frozen sections 
were stained from the para- 
cortical region of a human 
inguinal lymph node with 
features of nonspecific 
reactive hyperplasia. A 
three-step immunoalkaline- 
phosphatase method*° was 
used with a rabbit anti-MIP- 
18 polycional antibody 
diluted 1/5,000 in Tris- 
buffered saline. The anti- 
serum was raised against a 
synthetic peptide from the 
C-terminal region of MIP- 
1B; of the many molecules 
assayed for reactivity, only 
MIP-18 was reactive. 


to its receptor on T cells. Cytokines, when immobilized, become 
analogous to previously described triggers that are integral mem- 
brane molecules on activated endothelium: the lipid mediator 
PAF” and E-selectin’. Such triggers cause functional activation 
of leukocyte integrins, which then mediate strong adhesion to 
endothelial ligands: cells can then migrate into tissue under the 
influence of local chemotactic factors. Extrapolation to include 
different cytokines and endothelial surface proteoglycans would 
bring enormous flexibility and selectivity to the process of lym- 
phocyte recruitment’. Pharmacological agents could then be 
selected to modify these cascades. a 
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cells to keratinocytes mediated 
by E-cadherin 


Aimin Tang*, Masayuki Amagai*, 
Lawrence G. Granger’, John R. Stanley* 
& Mark C. Udey* 


* Dermatology Branch and +t Experimental Immunology Branch, 
National Cancer Institute, Bethesda, Maryland 20892, USA 


LANGERHANS cells (LC) are the principal accessory cells present 
in epidermis’. Because LC have limited capacity for self-renewal’, 
epidermis is continually repopulated by as-yet uncharacterized 
bone marrow-derived LC progenitors’*. In addition, although LC 
persist in epidermis for extended periods, LC are induced to 
migrate from skin to regional lymph nodes after antigen exposure’. 
To begin to elucidate mechanisms involved in LC trafficking, we 
characterized LC—keratinocyte (KC) interactions. Here we report 
that fresh murine LC express cadherins, and that LC adhere to 
KC in vitro through E-cadherin. Cultured LC (which may bear a 
phenotypic and functional relationship to LC that have migrated 
to lymph nodes’) express lower levels of E-cadherin and exhibit 
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FIG. 1 Binding of anti-cadherin monoclonal antibodies to cad- 
herins expressed by epidermal Langerhans cells and 
keratinocytes. Murine epidermal cells (EC) were treated with 
m trypsin in EDTA (TE) or trypsin in calcium (TC), stained for E- 
« or P-cadherins and I-A antigens, and analysed by two-colour 
flow cytometry. a © e, Cadherin-specific (phycoerythrin) 
fluorescence on |-A~ (FITC) KC; b, d, f. phycoerythrin fluores- 
cence on |-A* LC. a, b, EC stained after a single exposure to 
trypsin in calcium during epidermal separation. C, def TE 
cells and TC cells, respectively. Profiles of celis stained with 
rat antibody 53-6.72 (anti-CD8, ATCC, dotted line), ECCD-2 
(anti-mouse E-cadherin**; continuous line) or PCD-1 (anti- 
mouse P-cadherin®: dashed line) are shown. The gating used 
to differentiate KC from LC stained with anti-CD8 or anti-E- 
cadherin antibody (as depicted in a and b) is illustrated in £ 
and h. 

METHODS. Single-cell suspensions of BALB/c EC were pre- 
pared as previously described*”, except that trypsin digestion 
was done in Hank's balanced salt solution (HBSS) containing 
1 mM calcium (Biofluids), 10 mM HEPES (GIBCO BRL). After 
dissociation, EC were incubated in 0.01% trypsin in calcium- 
and magnesium-free HBSS (Biofluids) containing 1 mM EDTA 
(TE) or 1 mM calcium (TC) for 30 min at 37 °C (ref. 15) and 
washed with HBSS, 1 mM calcium, 0.005% DNase (Sigma), 
20% fetal bovine serum (FBS, Biofluids). Cells were stained 
for epitopes reactive with rat (6.72, ECCD-2 or PCD-1) and mouse (MKD6, 
anti-mouse |-A% Becton Dickinson) antibody as previously described** 
and analysed with a FACScan analytical flow cytometer using Consort 30 


Cell number 


decreased affinity for KC. These results suggest that expression 
of E-cadherin by LC promotes persistence of these cells in epider- 
mis, and that cadherins may play important and unanticipated 
roles in interactions between leukocytes and epithelia. 

Because cadherins are expressed in uninflamed epidermis” 
and are prominently involved in interactions between cc 
we reasoned that cadherins might also mediate adhesion of LC 
to KC. We examined murine epidermal cells for surface 
expression of cadherins with anti-E-(ECCD-2; ref. 14) and 
anti-P-cadherin (PCD-1; ref. 8) monoclonal antibodies by flow 
cytometry. Staining with ECCD-2 revealed several subpopula- 
tions of KC (Fig. 1). About half of the KC expressed high levels 
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software (BDIS). LC were >90% viable based on their ability to exclude 
propodium iodide. 


of E-cadherin. The remaining KC expressed lower levels. LC 
expressed levels of E-cadherin as high as those expressed by 
the most intensely stained KC. Both KC and LC stained less 
intensely with PCD-1, but most LC also expressed P-cadherin. 
We also found that cadherin epitopes on LC (and KC) were 
degraded by trypsin in 1mM EDTA (TE cells) and protected 
from trypsin by 1 mM calcium (TC cells), as previously reported 
for E- and P-cadherins’* (Fig. 1). Partially purified splenic 
dendritic cells and preparations enriched in lymph node den- 
dritic cells did not stain with ECCD-2 or PCD-1 (data not 
shown). 

To demonstrate that the E-cadherin expressed by LC reflected 


FIG. 2 Characterization of Langerhans cell-derived E-cadherin MRNA. LC 
were purified to >98% I-A” cells by preparative flow cytometry (a, con- 
tinuous line). KC (<1% I-A*) were obtained simultaneously (a interrupted 
line). Total RNA was prepared and mRNAs were reverse-transcribed and 
amplified by PCR, resolved in agarose gels and detected after ethidium 
bromide staining (b). Lanes 1-4 depict PCR products derived from serial 
10-fold dilutions of RNA. 

METHODS. LC were enriched from BALB/c TE-EC (ref. 22), stained with 
M5/114.15.12 (anti-lI-A® and anti-I-E°, ATCC) and FITC-goat (Fab’). anti-rat 
IgG (TAGO) and additionally purified using a BDIS Facstar Plus flow cytometer. 
Purity of sorted populations was analysed by repeat flow cytometry (a). 
Total RNA was extracted from sorted cells using RNAzol B (BIOTECX) and 
precipitated with yeast transfer RNA. mRNAs were reverse-transcribed and 
amplified in serial 10-fold dilutions of RNA using a GeneAmp RNA PCR kit 
(Perkin Elmer Cetus) and primers (Synthecell) at 1 uM for both cDNA syn- 
thesis and amplification. The I-A a-chain primers used have been 
described”*. Sense (5'-AGACCAAGATCAATCCCACC-3’) and antisense (5'- 
CTCGCAAACACCTTATGTAC-3’) K1 primers correspond to a portion of the 
3’-untranslated region of murine K1 mRNA sequence (S. Yuspa). Sense 
(5'-GTGAATTCCCAAAGAACCTGG-3’) and anti-sense (5'-CTTCATCACGGA- 
GGTTCCTG-3’) E-cadherin primers encompassed the sequence encoding the 
epitopes reactive with ECCD-1 and ECCD-2 (refs 24, 25) and spanned three 
introns?®. PCR parameters included denaturation at 95 °C for 1 min, annealing 
at 55°C for 1.15 min and polymerization at 72°C for 2 min. Twenty-five 
cycles were used to amplify K1 mRNA and 30 cycles were used for I-A 
a-chain and E-cadherin mRNAs. PCR products (430 base pairs (bp) for !-A. 
323 bp for K1 and 344 bp for E-cadherin) were resolved in 1.8% agarose 
(Gibco BRL) gels and detected after ethidium bromide staining. PCR products 
were not detected if RNA or reverse transcriptase was omitted from the 
reaction tubes. 
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endogenous synthesis, we characterized LC- and KC-derived 
E-cadherin messenger RNAs. LC were enriched to >98% purity 
(Fig. 2a) and total RNAs were prepared. LC- and KC-derived 
mRNAs were reverse-transcribed and complementary DNAs 
were amplified using the polymerase chain reaction (PCR) and 
E-cadherin, I-A a-chain, and keratin-1 (K1) primers. Reverse- 
transcribed PCR (RT-PCR) was done with serial dilutions of 
LC and KC RNA and the amounts of E-cadherin PCR products 
were compared with the amounts of I-A a-chain and K1 PCR 
products in each sample. E-cadherin PCR products of the pre- 
dicted size were obtained from both LC and KC RNA samples 
(Fig. 2b). LC-derived samples were greatly enriched in I-A 
a-chain and greatly depleted of K1 mRNA when compared 
with amounts of KC RNA that gave similar amounts of E- 
cadherin PCR product. Thus, most of the E-cadherin PCR 
product derived from LC RNA originated in LC, and was not 
derived from contaminating KC. 

Cadherins mediate cell-to-cell adhesion in tissues by binding 
to identical cadherins on adjacent (and usually ontogenically 
related) cells'*'’. To determine whether cadherins on LC could 
mediate intercellular adhesion through this type of homophilic 
interaction, we examined the ability of LC to bind to L cells 
(mouse fibroblasts devoid of cadherins) and L cells transfected 
with a vector encoding mouse E-cadherin (LEC cells) in vitro. 
As shown in Fig. 3, LEC cells expressed E-cadherin and avidly 
bound LC, whereas few LC attached to L cells lacking cadherins. 
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FIG. 3 Adhesion of Langerhans cells to E-cadherin-expressing fibroblasts 
and keratinocytes in vitro. L cells, E-cadherin-transfected L cells (LEC cells) 
and cultured murine KC were analysed for cadherin expression as described 
(Fig. 1). a b, c, Profiles of L cells, LEC cells and KC stained with anti-CD8 
(53-6.72, dotted line), anti-E-cadherin (ECCD-2, continuous line) or anti-P- 
cadherin (PCD-1, dashed line) antibody. The ability of TC-LC (open bars) and 
TE-LC (solid bars) to adhere to L cells, LEC cells and KC was tested (d). In 
a separate experiment, the influence of anti-E-cadherin (ECCD-1) and unre- 
lated anti-adhesion molecule antibodies on LC-KC interactions was studied 
(e). mAb, Monocional antibody. 

METHODS. L cells were transfected with expression vectors carrying the 
mouse E-cadherin cDNA (pBATEM2) and the neomycin-resistance gene 
(pBATneoB) as described’. KC were prepared from neonatal BALB/c mice 
and cultured to confluence in low(0.05 mM)-caicium-containing medium?’. 
Low-calcium medium was replaced with normal calcium DMEM (Gibco BRL), 
10% FBS and the incubation continued for 4h (ref. 28) before initiating 
binding assays. Fibroblasts and KC (cultured in low-calcium medium) were 
detached from culture dishes after incubation in calcium-free HBSS, 2 mM 
EDTA and were washed in HBSS with calcium, stained for cadherins and 
analysed by flow cytometry. LC were enriched from TE- and TC-EC22. stained 
with M5/114.15.2, FITC-(Fab’), goat anti-rat IgG and analysed by flow 
cytometry. Preparations enriched in LC comprised 30-60% |-A* cells. 
M5/114.15.2 was purified from supernatants using a protein G column 
(Pierce Chemical) and modified with NHS-LC-biotin (Pierce). Supernatants 
containing 53-6.72 (anti-CD8), YN/1.7.4 (anti-ICAM-1, ATCC) and 
M1/70/15/11/5/HL (anti-Mac-1 (CD11b), ATCC) were concentrated in Cen- 
triprep 30 microconcentrators (Amicon) before use in inhibition studies. 
PCD-1 (ref. 8) and ECCD-1 (ref. 18) were supplied by M. Takeichi. Antibody 
concentrations were assayed by indirect ELISA. To assess binding activity, 
LC stained with biotin-conjugated M5/114 and streptavidin-RED613 (Gibco 
BRL) were suspended in calcium-containing HBSS, 1% BSA, and allowed to 
adhere to confluent fibroblast or KC monolayers in 24-well culture plates 
6 x10*LC in 1 mi per well (d) or 5X10*LC in 0.2 mi per well (e)). In the 
experiment shown in e, wells contained anti-adhesion molecule antibodies 
(100 pg mi~*) as indicated. After 1 h at 37 °C, wells were washed six times 


Prior treatment of LC with typsin in EDTA resulted in a 68% 
reduction in LC-LEC cell interactions. We also tested the ability 
of LC to adhere to murine KC expressing E- and P-cadherins 
(Fig. 3d). The number of TC-LC that adhered to KC was 10-fold 
greater than the number of TE-LC that bound, implying a role © 
for cadherins in LC-KC interactions. By counting the number 
of LC in representative fluorescence photomicrographs of 
monolayers before and after removal of nonadherent LC, we 
determined that the majority (57+ 13%, n=6 experiments) of 
TC-LC added into the binding assay adhered to KC. 

The importance of E-cadherin in LC-KC binding was 
confirmed by quantifying LC attachment to KC in the presence 
of antibody known to inhibit E-cadherin-dependent interac- 
tions™* and antibodies reactive with unrelated adhesion 
molecules. Addition of the anti-E-cadherin antibody ECCD-1 
into the binding assay reduced adhesion of LC to KC by 81 +4% 
(n =3 experiments); equal amounts of anti-CD8, anti-ICAM-1 
and anti-Mac-1 antibody had no effect on LC binding (Fig. 3e). 

We also assessed the level of cadherin expression on cultured 
LC (that may represent the in vitro equivalent of LC that have 
migrated to regional lymph nodes in vivo®’) and measured the 
ability of cultured LC to bind to KC, L cells and LEC cells. As 
compared with fresh TC-LC, TC-cultured LC expressed lower 
levels of E-cadherin (mean fluorescence intensity 34+ 8% that 
of fresh TC-LC, n =3 experiments) and adhered less readily to 
KC (16+8% as well as fresh TC-LC, n=3 experiments) 
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with BSA, HBSS and adherent (fluorescent) LC were counted using an inverted 
phase fluorescence microscope. Data reported represent the mean+s.e.m. 
of the number of fluorescent cells enumerated in triplicate wells (in five 
random fields encompassed by the 20x objective (0.55 mm? per field) per 
well). 
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FIG. 4 Adhesion of fresh and cultured Langerhans cells to keratinocytes 
and fibroblasts in vitro. Fresh and cultured LC were stained for E-cadherin 
and. analysed by flow cytometry (a). Profiles of TC-fresh LC stained with 
anti-CD8 (closely spaced dots) or anti-E-cadherin (ECCD-2, continuous line; 
mean fluorescence intensity (MFI)=114) and TC-cultured LC stained with 
anti-CD8 (widely spaced dots) or anti-E-cadherin (dashed line, MFi= 33) are 
shown. The ability of TC-fresh LC and TC-cultured LC to-attach. to KC, L cells 
and LEC cells was also quantified (b). | 

METHODS. TC-fresh LC (39% I-A*) were prepared and analysed for cadherin 
expression as described in Fig. 1 legend. TC-culturedLC (45% I-A”) represent 
BALB/c EC that were cultured for 72 h (ref. 21), TC-treated and enriched by 
density gradient centrifugation®®. Cell-binding activity was measured as 
described for Fig. 3. Equal numbers of TC-fresh LC and TC-cultured LC 
(5 x 10* per well) were added into wells at the initiation of the binding assay. 


(Fig. 4). The increased binding of TC-cultured LC to LEC cells 
relative to KC is largely reflective of the ability of TC-cultured 
LC to attach to fibroblasts, apparently through an E-cadherin- 

“independent process (Fig. 4). These results further emphasize 

the potential importance of E-cadherin in LC-KC interactions 

~- Members of the cadherin family are prominently represented 
<in epithelial and neural tissues, where they play important roles 
ough structurally related molecules have recently been 
escribed in skeletal muscle'®, cadherins are not ubiquitously 
` expressed by mesenchymal cells and have not previously been 

-identified on leukocytes. Our results indicate that epidermal LC 

-< express functional cadherins and suggest that cadherins may be 

-responsible for certain biological properties of these highly 

“specialized bone marrow-derived cells, including their pro- 

ity to persist in epidermis. It will be of interest to determine 

-if cadherin expression is a general feature of leukocyte subpopu- 

- Jations that reside in epidermis, and if cadherins are involved 


mee, 


-in leukocyte-epithelial interactions in other tissues as well. O 
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ALL catalytic RNAs (ribozymes) require or are stimulated by 
divalent metal ions, but it has been difficult to separate the contri- 
bution of these metal ions to formation of the RNA tertiary 
structure’ from a more direct role in catalysis. The Tetrahymena 
ribozyme catalyses cleavage of exogenous RNA”? or DNA** sub- 
strates with an absolute requirement for Mg’* or Mn** (ref. 6). 
A DNA substrate, in which the bridging 3’ oxygen atem at the 
cleavage site is replaced by sulphur, is cleaved by the ribozyme 
about 1,000 times more slowly than the corresponding unmodified 
DNA substrate when Mg’* is present as the only divalent metal 
ion. But addition of Mn** or Za?” to the reaction relieves this 
negative effect, with the 3’ S-P bond being cleaved nearly as fast = 


as the 3’ O-P bond. Considering that Mn’ 

























+ and Zn** coordinate 
sulphur more strongly than Mg** does””, these results indicate” 
that the metal ion contributes directly to catalysis by coordination 
to the 3’ oxygen atom in the transition state, presumably stabilizing: 
the developing negative charge on the leaving group. We conclude 
that the Tetrahymena ribozyme is a metalloenzyme, with mechanis-_ 
tic similarities to several protein enzymes” `”. S 

Shortened forms of the self-splicing intervening sequence. 
RNA of Tetrahymena thermophila catalyse a sequence- g 
endonuclease reaction”?. It is analogous to the first 
splicing of pre-ribosomal RNA but occurs with multipl 
(Fig. 1a). The substrate, which can be RNA or D 
by base-pairing to an internal guide segu , 
ribozyme”"'*. Guanosine (G) binds at a saturable bir 
located within the folded core of the ribozyme‘; 
hydroxyl of guanosine attacks the reaction-site. p 
group'”'®, Water or OH” can replace guanosine in a segi 
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spei hydrétysis reaction i 
binding constants for the RNA and DNA reaction: pathways 
have been described*!*!°-*", For the DNA substrate, unlike the 
RNA substrate, the chemical cleavage step is rate-limiting at all 
concentrations of guanosine and substrate (10 mM MgCl; 30 
or 50°C). 
We synthesized”? 3'S DNA substrates, which have the bridging 
3’ oxygen atom of the reactive phosphoryl group replaced by 
sulphur (Fig. 1b). Phosphorothioate diesters in which one of 
the non-bridging oxygens is replaced by sulphur have been 
frequently used as mechanistic probes in enzymology™™ "s 
_ including studies with this ribozyme'’'*°. In contrast, the 3 'S 
o derivative has only recently become available”. When the 3’ 
™P.end-labelled substrates and L-21 Scal ribozyme’ were incu- 
bated with 12mM Mg?" as the divalent metal ion, only the 
unmodified substrate reacted well (Fig. 2a). The 5’-°?P-labelled 
3’S substrate d(CCCUCU,A) was cleaved extremely slowly, with 
© a rate constant for the chemical cleavage step (k35) ~10°-fold 
>> smaller than that of the oxy-containing substrate, k?® (Table 
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FIG. 1 a Endonuclease reaction of the L-21 Scal ribozyme. The ribozyme 
¿o i8 a shortened version of the Tetrahymena pre-rRNA intervening sequence 
Missing 21 nucleotides from the 5’ end and 3-4 nucleotides from the 3’ 
end. The ribozyme binds an oligonucleotide substrate, in this case the 
single-stranded DNA substrate d(CCCUCUA), by base pairing to the internal 
-guide sequence (IGS) (boxed)***. Although G is shown binding before the 
DNA substrate, there is no compulsory order to binding**. b, 
_Ofigodeoxyribonucleotides synthesized for this work. Unmodified substrates 
-containing normal phosphodiester linkages are designated as 3’0. Modified 
-Substrates in which the 3' oxygen atom of the dU at the cleavage site is 
_. replaced by sulphur are indicated: by au, A) at the position of the phos- 
- phorothioate linkage and designated as 3'S substrates. The product of the 
reaction of the 3'S- substrate is a 3 “Sulphydryl rather than the normal 3' 
hydroxyl. 
METHODS. Preparation of DNA with the 3'-S-thiophosphoramidite of dU was 
as described**** using tetrabutylammonium periodate as oxidizing agent. 
Oligonucleotides were purified before removal of the 5’- dimethoxytrityl group 






by reverse-phase HPLC, detritylated with 80% acetic acid, and purified by o 


gel electrophoresis. 2'-D -Deoxy-3'-thiouridine was prepared as the B 


monomethoxytrityi derivative by a procedure analogous to the preparation — 


of 2 -deoxy-3'-thiothymidine??, - starting from 2’. deoxyuridine. “§'.0- 
monomethoxytrityl-3’-thiouridine was. characterized by *H-NMR (300 MHz, in 
CDCl, using tetramethyisilane as internal standard): 52.40 (2H, m, H2’ and 
~ H2), 3.50 (2H, m, HS5‘ and HS”), 3.75 (4H, m, H3’, CH,0), 5.24 (1H, m, H4’); 
< 6.04 (1H, M, H1’), 6.80 (2H, d, ArH), 7.20-7.36 (12H, m, ArH, H5), 8.04 (4H, 


d, H6), 9.13 (1H, s, NH, exchangeable). Phosphitylation of 5’-monomethoxy-2'- = 
NN-diisopropylaminochloro- 
phosphoramidite under standard conditions. produced the 3'-S-phosphor-. aut 


deoxy-3’-thiouridine using 2-cyanoethy! 


othioamidite derivative in a yield of 70%. “P-NMR (90 MHz, in CDCI. Is, using 
85% phosphoric acid as external standard) gave 5159.94, 164. 99. 
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ta). Icean aa the Me” concentration’ to 5 200 mM jhorensed: : 
the individual rate constants, but the 3’S substrate still reacted 
10°-fold more slowly than the yo substrate. The low level of. 
reaction of the modified substrate was not due to its failure to 
bind to the ribozyme, because direct measurement of- Ky by 
non-denaturing gel electrophoresis” indicated hat the 3’S sub- __ 
strate actually bound 2-4-fold more tightly than the. unmodified — 
3'O substrate (Table 1a). This is consistent with the previous 
observations that a central 3'S phosphorothioate linkage does 
not significantly destabilize an oligonucleotide duplex**, The 
observation of a large thio effect associated with the chemical 
step of the ribozyme reaction was unexpected because the 
intrinsic chemical rate of cleavage of the sulphur-phosphorus 
aa EA 
TABLE 1 Kinetic parameters for ribozyme cleavage of DNA and thio DNA 
substrates with different divalent metal ions 


se tA EL EGON mainai remna aA nra MAeTRAR UIP BALA ran w maa, 





Substrate k,” Kat or k{-G)}§ 
M?* 5 =p. (107° Kat (107 
(mM) d(CCCUCU, A) min t} (nM) mint) 
Mg**(12) 3'0 8.9 270ł} 0.068 2 
3'S 0.009 1004 ND] 
Mg**(200) 3'0 99 
3S 0.099 
Mg? *(10); Mn**(2) 3'0 29 ~41? 0.33 
3's 3.7 ~24t 0.12 
Mn**(12) 3'0 21 
3S 6.0 
ib} 
d(CCCUCU,- Kone! 
AAAAA)- (10°* 
343'dA min” t} 
Mg?*(12) 3'0 24 
3S <0,002 
Meg? *(1.0): Mn?*(2) 3'0 23 
3's 6.4 
Mg? *(10): Zn?*(2} 3'0 190 
3'S 24 
Mg? *(1.0): Cd**(2) 3'0 <0.038 
3'S 0.089 
Mg**(10); Co? *(2) 3'0 28 
3's 0.05 


Reactions were as described in Fig. 2 using the M?* conditions indicated ee 
here. Previous characterization of DNA cleavage by the ribozyme was at = 
50 °C and 10 mM MgCl, (ref. 4). To minimize the extent of metal-catalysed 
hydrolysis. of the ribozyme, which was problematic at 50°C with Zn?* and 
Mn?*, reactions were done at 30 °C. Reactions with 10 mM Mg2* and 2 mM 
Mn?* were linear for up to 72h. Even the reactions with Mn?* alone 
proceeded well up to 30h. Reactions with 10 mM Mg?* and 2mM Zn?* 
were linear up to ~3 h. Radioactivity in substrate and product was measured 
by direct scanning of the dried gel (Phosphorimager, Molecutar Dynamics). 
Observed rate constants were determined from the slope of semilogarithmic 
plots of the fraction of substrate remaining (S,/S,, where S, is the amount 
of substrate at time t) versus £ or from the slope of initial rate plots of 
%P = PAP, + $,) x 100, where P, is the amount of product at time t Plots 
were linear over ‘the first 8% of product formed. Variations in rate constants 
of <20% were observed for reactions run side by side. But variations as 
large as 2-fold are observed for reactions on different days, especially for 
the reactions containing Mn** 

i * Rate constant for the chemical conversion of the E-G-S ternary complex 
‘ig. 1a)o tained by measuring Kays at saturating ribozyme concentra- 

and saturating G(2.5 mM). - | 

+ Determined from plots Of Kare versus bey ine concentration. Ribozyme 
concentration was varied from .5 nM. to 300 nM. 

ł Binding was measured directly using a gel-mobility shift method?”. The ` 

electrophoresis buffer was 34.5 mM Tris,65.5 mM HEPES, 0.14 mM disodium— 
EDTA and 12mM MgCl, pH 7. 5,-and the gel was maintained at 30°C. : 
Ribozyme and substrate were equilibrated for 2 h at 30 °C. 

§ Rate constant for the hydrolysis reaction, representing. the: chemica 
conversion of the E-S complex, in thè absence of guanosine. ety, 

-Not detected... | A esa, 

k Observed rate constant under conditions described for Fig 2b. 






















bond. is predicted to be faster than that of the normal phosphate 
diester” 





¿With 2 mM Mn?’ and 10 mM Mg?” present in the reaction, 
the thio substrate was readily cleaved (Fig. 2a); k¿> was now 
only ~8-fold smaller than k}? (Table 1a). Although addition 
of Mn** also accelerated the rate of cleavage of the 3’O substrate, 
the acceleration of the 3’S substrate by Mn*" was greater by a 
factor of more than 10°. The hydrolysis | reaction of the 3’S 
substrate also shows a requirement for Mnt (k, (-G); Table la). 
The specificity of the thio substrate for Mn?" is consistent with 
the ability of Mn’** to coordinate sulphur more strongly than 
Mg*" (refs 7 and 8). When Mg’” is replaced by Mn”™ as the 
only divalent metal ion, the thio effect for ribozyme cleavage is 
relieved by a factor of ~280 ((8.9/0.009)/(21/6); Table ia), 
similar to the ratio of the relative binding of these two metal 
ions to the O and S atoms of ATP-S (31,000 for Mg**/~170 
for Mn’ ~ 200; ref. 8). This almost quantitative agreement sup- 
ports the conclusion that the relative thio effect in Mg** versus 
Mn”™* reflects the differential ability of these metal ions to 
coordinate oxygen versus sulphur in the transition state. 
Measurement of Km (which should „equal Ka, ref. 4) for 
reaction in 2mM Mn” plus 10 mM Mg’ showed that binding 





FIG: 2 Metal ion specificity switch in cleavage of a 
:3'S substrate. a, Endonuclease reaction of 5’->*P- 
labelled substrates 3'0 (5’-°7P-d(CCCUCUA)) and 
.3'S (5'5?P-d(CCCUCU,A)) for 0, 2, 4, 8, 18 and 
‘36h. Cleavage of the 3'S substrate by the 
ribozyme forms a product 5’-°7P-d(CCCUCU,,,) con 
taining a sulphydryl group that has a greater mobil- 
city than the product 5/-°7P-d(CCCUCUp,) under 
these electrophoresis conditions. To prevent oxi- 
dation of the product, 5 mM dithiothreitol (DTT) 
was included in the reaction: 10 mM DTT was b 
present in the gel andin the electrophoresis buffer. 
Other conditions were as described below. Gels 
were prerun for 6h before loading. If DTT was 
excluded from this procedure, 5’-**P-d(CCCUCUg,,) 
ran aS a smear rather than as a single 
band, making quantitation difficult. b, Endo- 
nuclease reaction of 3’-end-labelled DNA 
substrates 3’0 [d(CCCUCUAAAAA)**P3’dA] and3’S 
{d(CCCUCU,AAAAA)**P3'dA] in the presence of 
Mg** and other divalent metal ions. Phos- 
photransesterification with G results in a faster- 
_ migrating product Gd(AAAAA)?7P3’dA which can 
“be electrophoretically separated from the product 
that would arise from metal-catalysed hydrolysis 
of the sulphur~phosphorus bond off the ribozyme 
(5’P-c(AAAAA)*P3’'GA]. The inset shows a longer 
“exposure of the Co?* and Cd** reactions to allow 
-Visualization of the product. The- last two fanes 
_ represent incubation. of substrate in buffer and 
“metal ion in the absence of ribozyme and show that degradation of substrate 
-is undetectable in the absence of ribozyme. c, Evidence that Mn?* and Mg?* 
2 mpete for the same binding Site. The value of Kons was- determined as 
-described in Table 1. 
METHODS. Ribozyme was renatured by incubation for 30 min at 50°C in 
50mM “aes ald T 0, 10 or 12 mM. Es and 2n _ rP followed by 






















7 ra 2 5 mM AG, and 121 mM A MECI», or or 10 mM M MECI, and 2 mM 


“ef another di alent metal ion as indicated (for c; 1 mM MnCl, plus MgCl, as 


_ indicated). Reactions were quenched at 0 °C by addition to twice the volume 
of 20 mM EDTA, 10M urea, 0.04% xylene cyanol, 1 mM Tris-HCl, pH 7.5, 
and electrophoresed on a 20% polyacrylamide/7 M urea gel. Metal ion 
chlorides (Aldrich) were all =99.99% pure. 
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diCCCUCU,AAAAA) P3 dA—m 
Gd(AAAAA)“*P3' dA—>- 


of both the 3’O and 3'S substrates was tighter than in 12mM i 
Mg“. However, the 3'S substrate bound about 2-fold more 
tightly than the 3’O substrate, regardless of the presence of Mo 
(Table 1a). Thus, the interaction of the metal ion with the y 
oxygen or 3' sulphur atom appears insignificant 1 in the ground- 
state E-S-G complex (E is ribozyme, S is substrate, Fig. la). 
Of all the divalent cations screened, only Mn*” + and Zn** were 
able to restore cleavage of the 3’S substrate to rates comparable 
to that of the unmodified substrate (Fig. 2b; Table 1b). Low 
levels of cleavage were observed in the presence of Cd** and 
Co** (Fig. 2b, inset). Co** had little effect on the reaction rate 
of the 3’O substrate, but Cd?* strongly inhibited the 3’O reaction 
such that the 3'S substrate actually reacted faster (Table 1b) 
Because Zn**, Cd** and Co*” are also metal ions that can 
coordinate sulphur effectively”, their ability to restore cleavage 
of the thio substrate supports the interpretation of direct metal 
ion coordination. i 
To test whether the Mn™’ site responsible for the reaction of 
the 3’S substrate is also a Mg~ site, we did a competition : 
experiment. Increasing the concentration of Mg*” relative to — 
Mn?“ inhibited the reaction of the 3’S substrate relative to that 
of the unmodified substrate (Fig. 2c). Thus, the data are most 


12 mM MgCl 10 mM MgClo. 2 mM MnCl 


30 3S 70 3S 














å F 4 
= 2 = 
30 3S 30 


as: | 
0 2 0 26 





0 26 


exposure 





apaan mananan ine Cait ore tO ENN A aS ERA nai a opel: WAP gD Sona ain OE weed SP tiny 





Mg** (mM) 









easily interpreted i in ‘terms ie a direct interaction pevca a 
ribozyme-bound metal ion and the leaving oxyanion or 
' thioanion in the transition state (Fig. 3). For the oxy- containing 


_ substrate, the catalytic metal can be Mg”* or Mn?*, as both are 
= effective at stabilizing the developing negative charge on the 
= oxyanion leaving group. For the thio-containing substrate, Mg’* 
still binds but i is ineffective at stabilizing the thioanion leaving 
group, and Mn?™ or Zn** must be present for efficient catalysis. 
Studies on non-enzymatic reactions of phosphate monoesters’', 
-and more recently phosphate diesters**, suggest that divalent 
. metal ions can stabilize an oxyanion leaving group. 
_ The hammerhead ribozyme also employs Mg’* or Mn’? in 
active-site chemistry, i in this case coordinating with the pro-Rp 
oxygen of the reaction-site phosphoryl group and presumably 
Serving to stabilize the pentacovalent transition state**"*. Inter- 
-action of the leaving group or nucleophile with a metal ion in 
the hammerhead reaction has been proposed**» but not tested 
- directly. Perhaps ribozymes will in general use metal ion catalysis 
for stabilization of leaving groups and activation of nucleophiles 
_instead of using functional groups on the RNA as general 
acid-base catalysts (ref. 36; compare ref. 37). 
-it has been proposed that a number of protein phos- 
l photransferases use a two-magnesium-ion mechanism and that 
<o such a mechanism would be well suited to ribozyme catalysis™®. 
` The metal specificity switch described in this work supports the 

















» FIG 3 Postulated transition-state interactions of RNA substrate and 
< ribozyme in the endonuclease reaction, including the metal ion interaction 
_, asterisk) inferred from this work. We have identified one ligand for this 
` catalytic Mg** in the transition state. Given the preference for Mg** to be 
6- or 7-coordinate™, the ribozyme presumably provides the appropriate 
5 - spatial arrangement of heteroatomic ligands to bind and orient the metal 
-ina manner that will facilitate catalysis (E. Christian and M. Yarus, manuscript 
submitted). The three-dimensional ribozyme surface is represented by the 
hatched pattern outside the dark outline. The unhatched interior represents 
the ribozyme: active site. The RNA substrate is bound to the ribozyme by 
to the 1GS*+5 (represénted by upper-case italic letters) and 
ter h specific 2'-hydroxyl groups”°?!3". Guanosine is bound by 
t least thre ifferent interactions***°*°. Nucleophilic attack at the reac- 
 tion-site phosphoryl group by the 3’-hydroxyl of guanosine is an in-line, S„2 
(P) reaction, as inferred by the inversion of stereochemistry at phos- 
phorus*’**. Substitution of the pro-R, oxygen atom (@) at the cleavage 
Site with sulphur gives a small thio effect consistent with that expected 
from the intrinsic chemistry, suggesting that there is no specific interaction 
with this atom in the transition state*®. Substitution of the pro-S,, oxygen 
atom with sulphur, on the other hand, reduces activity > 1,000 fold, suggest- 
ing a direct contact with the ribozyme or ribozyme-bound Mg’? jon (shown 
by the pocket in the dark outline). But this thio effect cannot be relieved by 
addition of Mn** to the reaction (J.A.P. and T.R.C., manuscript in preparation). 
The hydrogen-bond donation from the 2’-hydroxy! group to the 3’ oxygen in 
_ the transition state was inferred from a study of the rate of the chemical 
=: step of the reaction with different 2’ substituents (D. Herschlag, F; Eckstein 
E and T.R.C., manuscript in preparation). Dashed lines, H bonds or metal 
ion-oxygen coordination, Dotted P-O bonds, bonds partally formed Or par- 
tially broken in the transition state. Be 















proposed: role bfo one of the magnesium: jons in leaving-group. 


stabilization. The possibility that a second metal ion activates 
the 3‘ hydroxyl of G for nucleophilic attack has not been tested. 

Nevertheless, at least some aspects of metal ion catalysis. appear 
to be common to the Tetrahymena ribozyme and certain protein ” 
enzymes. F 
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CYCLOSFORIN A, a cyclic undecapeptide, is a potent immuno- 
suppressant that binds to a peptidyl-prolyl cis-trans isomerase!” 
of 165 amino acids, cyclophilin”. The cyclosporin A/cyclophilin 
complex: inhibits the calcium- and calmodulin-dependent phos- 


phatase, calcineurin’ , resulting in a failure to activate genes encod- 


ing interleukin-2 and other lymphokines*° £. The three-dimensional 


: Structures. of uncomplexed cyclophilin’, a tetrapeptide/cyclophilin 
~complex””, and cyclosporin A when bound to cyclophilin’ have 
been reported. However, the structure of the cyclosporin A/cyclo- 
“philin- complex has not been determined. Here we present the 


solution structure of the cyclosporin A/cyclophilin complex 


happier 
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obtained by heteronuclear three-dimensional NMR spectroscopy. 
The structure, one of the largest determined by NMR, differs from 
proposed models of the complex'*"* and is analysed in terms of 


_ the binding interactions and structure/activity relationships for 


` colour-coded in red. These structures were generated 


„15,16 


CsA analogues”. 

Figure 1 depicts a stereoview of 31 superimposed structures 
of the cyclosporin A (CsA)/cyclophilin (CyP) complex gener- 
ated from a total of 2,115 NMR-derived restraints using a 
distance geometry/ simulated annealing protocol'’. As shown in 
Table 1, the structures satisfy the distance restraints with no 
violation greater than 0.4 A and show good covalent geometry 
and non-bonded contacts. For most of the complex, the structure 
is well defined by the NMR data. The atomic root-mean-square 
(r.m.s.) distribution about the mean coordinate positions for 
residues 5-165 of the CsA/CyP complex is 0.93 +0.10 A for the 
backbone atoms and 1.51 + 0.10 A for all atoms. The least defined 
regions are residues 1-4 at the N terminus of CyP and the loop 
composed of CyP residues 41-45. 

As shown in Fig. 2, the structure of CyP with bound CsA 
consists of an eight-stranded antiparallel B-sheet, two a-helices, 
and a series of loops and turns, as previously observed for 
uncomplexed CyP™'* and a tetrapeptide/CyP complex*”. In 
general, the backbone of free CyP’ lies within the ensemble of 
NMR-derived solution structures for the complex (Fig. 1). Thus, 
unlike other proteins that undergo large structural changes upon 
ligand binding (such as penicillopepsin)'”, the structure of cyclo- 
philin changes very little after complexing with CsA. In contrast, 
the conformation of CsA when bound to cyclophilin'”""' is very 
different from either the crystal?” or chloroform-solution struc- 
tures*’*' of uncomplexed CsA. Although the bound conforma- 
tion of CsA may pre-exist in aqueous solution” to a small extent, 
NMR studies of a water-soluble CsA derivative ([D- 
diaminobutyric acid ]CsA; ref. 8) indicate the presence of several 
different slowly interconverting conformations in aqueous sol- 
ution (unpublished observations). Some of these forms may 
need to change conformation to allow binding to CyP, consistent 
with recent kinetic evidence that support a time-dependent 
inhibition of the peptidyl-prolyl cis-trans isomerase activity of 
cyclophilin by CsA”. 


FIG. 1 Superposition of 31 CsA/CyP NMR-derived struc- 
tures (blue) and the X-ray structure of uncomplexed CyP 
(yellow)” onto the mean coordinates for CsA/CyP. CsA is 


with a distance geometry/simulated annealing (DG/SA) 
protocol” using the XPLOR/DG program*®. Structure 
calculations used 1,699 CyP/CyP, 227 CsA/CsA and 81 
CsA/CyP proton-proton distance restraints obtained from 
heteronuclear three-dimensional nuclear Overhauser 
effect (NOE) spectra of CsA/[U-*9C, *®N]CyP, CsA/[U- 
15N]CyP or [U-*°C]CsA/CyP. The NOEs were interpreted 
using previously reported CyP backbone? and CsA 
assignments’? and recently obtained CyP side-chain 
assignments, which included the stereospecific assign- 
ments of the Val and Leu methyl groups of CyP by biosyn- 
thetic fractional **C-labelling®°. NOE-derived distance 
restraints were classified as 1.8-3.0, 1.8-4.0, 18-50 
and 1.8-6.0 A on the basis of the integrated NOE cross 
peak volumes. In addition to the NOE-derived distance 
restraints, 108 hydrogen bonds were included in the final 
structure calculations based on the identification of the 
slowly exchanging amide protons from a series of +H/*°N correlation spectra 
of the CsA/[U-*°N]CyP complex in 7H,O and by visual inspection of pre- 
liminary structures of the complex derived solely from the NOE data. Calcula- 
tions began by generating starting cartesian coordinates for the 8 and y 
atoms from the covalent geometry and experimental restraints. The remain- 
ing coordinates were obtained by least-squares fitting the side chains to 
the backbone positions before the next step of the refinement procedure, 
which consisted of high-temperature (2,000 K) molecular dynamics followed 
by dynamical simulated annealing*”. During this stage quadratic harmonic 
potentials were included for the covalent geometry, a square-well quadratic 
term was used for the distances and dihedral restraints, and a quartic 
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TABLE 1 Structural statistics and RMS deviations for 31 CsA/CyP 
structures* 








Structural statistics (SA) (SA) 


R.m.s.d. (A) from experimental distance restraints? 


All (2,115) 0.019+0.001 0.017 
inter-residue long (575) 0.017 + 0.003 0.015 
Inter-residue short (223) 0.024 + 0.004 0.028 
inter-residue sequential (475) 0.020 + 0.005 0.016 
Intraresidue (426) 0.012 + 0.002 0.009 
Intraligand (227) 0.023 + 0.001 0.024 
Intermolecular (81) 0.010 + 0.005 0.012 
Hydrogen bonds (108) 0.020 + 0.007 0.010 
XPLOR potential energies? 
Frora, (kcal mol™*) -4.0 +50.5 -29.7 
Fog (kcal mol~™*) 38.3+58 32.4 
E _, (kcal mol~*) ~291.3+319 -298.8 
R.m.s.d. from idealized geometry used within XPLOR 
Bonds (A) 0.00 + 0.00 0.00 
Angles (deg) 0.45+0.02 0.44 
Impropers (deg) 0.41+0.02 0.41 
Cartesian coordinate R.m.s.d. (A) Backbone All non-H 
(SA) versus (SA) all§ 0.93+0.10 1.51+0.10 
(SA) versus X-Ray|| 1.47 +0.10 2.30 +0.15 
(SA), versus X-Ray 1.21 1.98 


EEE 


* Where (SA) are the 31 NMR-derived structures, ( SA) is the mean atomic 
structure obtained by averaging the least squares fitted coordinates for the 
31 structures, and (SA), is the energy-minimized mean atomic structure 

+None of the structures had distance violations =0.4A. Intraligand 
restraints included negative NOEs as previously described** 

+ XPLOR NOE energies were calculated using a square-well potential for 
the NOE empirical energy term with a force constant of 50 kcal mol~* À~? 
The Lennard-Jones energy (&_,) was calculated using the CHARMM*’ 
empirical energy function. 

§R.m.s. deviation between the 31 structures and the mean atomic 
coordinates for CsA and CyP residues 5-165. 

|| R.m.s. deviation between the 31 structures and the X-ray coordinates 
of uncomplexed CyP’ for CyP residues 5-165. 

© Rms. deviation for residues CyP residues 5-165 between the minimized 
mean atomic solution structure and the X-ray coordinates of uncomplexed 
CyP 





potential was used for the van der Waals term (F-repel)*’. Force constants 
for the NOE-derived distance restraints were maintained at 50 kcal mol ~* 
A~? throughout the refinement process. Dihedral angle restraints were 
initialized to 5kcal mol~* rad~2 and increased to 200 kcal mol™* rad `? at 
the beginning of annealing, which proceeded stepwise from 2,000 to 100 K 
in 50K increments, with each step consisting of 0.25 ps of restrained 
molecular dynamics. The repulsive term was increased during this phase 
to 4.0 kcal mol™? A~* and was maintained at that value during the penulti- 
mate energy minimization. Final structures were obtained after 1,000 cycles 
of Powell minimization with the full CHARMM Lennard-Jones potential*’. 
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FIG. 2 Ribbon plot™* depicting the 
Structure of the CsA/CyP complex. 
Side-chain atoms are shown for those 
residues of cyclophilin (yellow) with 
NOEs to CsA colour-coded by atom 
type 


The structure of the CsA/CyP complex is stabilized by several 
hydrophobic interactions. The side chains of CyP residues 
Trp 121, Phe 60, Ile 57, Leu 122, Phe 113, His 126, Ala 101. 
Ala 103 and Thr 73 form a hydrophobic pocket that interacts 
with the hydrophobic surface of CsA residues 9-11 and 1-3 


(Fig. 2). Several hydrogen bonds also stabilize the structure of 


the complex (Fig. 3a). The NMR data indicate intermolecular 
hydrogen bonds between MeLeu 10(CO) and Arg 55(7NH), 
MeLeu 9(CO) and Trp 121(e NH), as well as Abu 2( NH) (where 
Abu represents L-a-aminobutyric acid) and Asn 102(CO). con- 
sistent with the slow exchange of the Abu 2 amide’”. 
Cyclosporin A binds to the same region of CyP as a tetra- 
peptide substrate (N-acetyl-Ala-Ala-Pro-Ala-amidomethyl- 
coumarin), but in an opposite N- to C-terminal orientation (Fig. 
2). As previously proposed'’, the MeVal 11 side chain fits into 
the same hydrophobic pocket as the Pro ring of the substrate, 
and the MeVal 11 Ca-C’ bond of CsA is superimposable on 
the N-C’ bond of the substrate that isomerizes. Unlike the 
peptide bond of the tetrapeptide substrate, the MeVal 11 Ca-C’' 
bond of CsA can more easily rotate to form favourable inter- 
actions with CyP, suggesting that this portion of CsA mimics a 














twisted amide bond as postulated in one mechanism**. These 
results contradict our earlier proposal” based on a model 
CsA/CyP structure and an unrefined X-ray structure®, in 
which the MeBmt1OH mimics the carbonyl of the peptide 
bond (MeBmt is N-methyl-(4R)-4-(( E )-2-butenyl)-4-methyl-L- 
threonine). 

Four models of the CsA/CyP complex were reported based 
on X-ray and NMR data. The NMR structure of CsA/CyP was 


found to be very different from one of the proposed models of 


the complex'*, differing in the CsA orientation relative to CyP 
by about 90°. Three other models'*'** based on additional 
CsA/CyP NOE data are more similar to the NMR structure. 
but still differ in several important aspects. In contrast to two 
of the models'”'*, the proposed hydrogen bond between the 
MeBmt! OH and Asn 102 carbonyl is not present in the NMR 
structure and cannot be used to explain the importance of the 
MeBmtl OH group for cyclophilin binding and immunosup- 
pressive activity'°. Instead, the MeBmtl OH hydrogen-bonds to 
the MeBmt! or MeLeu 4 carbonyl group and may be important 
for stabilizing the conformation of CsA. In addition, the 
Abu2 NH of CsA is hydrogen-bonded to Asn 102(CO) in our 


FIG. 3 Portions of a the NMR structure 
of the CsA/CyP complex compared with 
b, a model of the X-ray structure of the 
tetrapeptide/CyP complex*, indicating 
similar hydrogen-bonding patterns (yel- 
low dashed line). A direct or water- 
mediated hydrogen bond between Asn 
102 NH and MeVal 11(CO) of CsA (blue 
dashed line) is also possible, as eviden- 
ced by the close proximity of these 
atoms in many of the NMR structures 
and the slow amide-exchange rate of 
Asn 102. This hydrogen bond would 
mimic the Asn 102 NH/Ala2(CO) hydro 
gen bond in the tetrapeptide/CyP com- 
plex shown in b. Arrows indicate the 
Ca-C’ of CsA in a that corresponds to 
the N-C bond of the tetrapeptide 
substrate in 0 
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NMR structure and not to MeBmtl OH as previously repor- 
ted'*!4| and appears to mimic the Ala 2(NH)/Asn 102(CO) 
„hydrogen bond in the tetrapeptide/ cyclophilin complex’ (Fig. 






). Furthermore, the proposed hydrogen bond between His 126 
~ eNH and MeVal 11(CO)'*""* is not possible in our NMR struc- 
ture. Titrations show that at pH 6.5, His 126 is uncharged and 
only the 6 (not e) NH (12.51 p.p.m.), which is hydrogen-bonded 
to: Met100(CO), is observed. Owing to the lack of NOEs involv- 

ing Gin63, a hydrogen bond between Gin eNH and 
<- MeBmt 1(CO)"* could not be unambiguously identified. 
The NMR structure is consistent with previously observed 
_structure/activity relationships. For example, the marked 
= decrease in CyP affinity for CsA analogues substituted with 
larger side chains at the 11 position'*° can be rationalized by 
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the tight fit of the MeVal 11 in the middle of the binding pocket. 
In contrast, the side chains of MeLeu 9 and Abu 2 are located 
to the sides of the binding pocket (Fig. 2) and can accommodate 
a variety of side chains consistent with the structure/ activity 
relationships'*'®. Cyclosporin A residues 5-8 do not interact 
with cyclophilin and, as expected from the NMR structure, are 
able to tolerate modifications. Some of the analogues with 
modifications at these sites bind tightly to cyclophilin but are 
relatively inactive as immunosuppressants (for example, 
[MeAla 6]CsA and [D-aminobutyric acid]CsA)* 7 which may 
be explained by their decreased affinity for calcineurin”. Key 
CyP mutants together with the NMR structure of the CsA/CyP 
complex presented here should allow the identification of those 


rer 


portions of the complex that interact with calcineurin. x 
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HUMAN cyclophilin A (CypA), a ubiquitous intracellular protein 
_ of 165 amino acids, is the major receptor for the cyclic undecapep- 
tide immunosuppressant drug cyclosporin A (CsA)'’, which pre- 
-vents allograft rejection after transplant surgery and is effica- 
gious in the field of autoimmune diseases®. CsA prevents T-cell 
“proliferation by blocking the calcium-activated pathway leading 
_ to interleukin-2 transcription. Besides their ability to bind CsA, 
the cyclophilin isoforms’ also have peptidyl-prolyl isomerase 
activity”'' and enhance the rate of protein folding'™™. The 
macrolide FK506 acts similarly to CsA and its cognate receptor 
FKBP also has peptidyl-prolyl isomerase activity'*. Inhibition of 
this enzymatic activity alone is not sufficient to achieve immunosup- 
pression'*"®, A direct molecular interaction between the drug- 
immunophilin complex (CsA—CypA, or FK506-FKBP) and the 
phosphatase calcineurin, is responsible for modulating the T-cell 
receptor signal transduction pathway'”"®. Here we describe the 
crystal structure of a decameric CypA—CsA complex. The crys- 
tallographic asymmetric unit is composed of a pentamer of 1:1 
cyclophilin—cyclosporin complexes of rather exact non-crystallo- 


graphic fivefold symmetry. The 2.8 A electron density map is of - 
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high quality. The five independent cyclosporin molecules are clearly 
identifiable, providing an unambiguous picture of the detailed 
interactions between a peptide drug and its receptor. It broadly 
confirms the results of previous NMR, X-ray and modelling studies, 
but provides further important structural details which will be of 
use in the design of drugs that are analogues of CsA. 

The crystal structure of CypA has been solved as a complex 
with a peptidyl-prolyl isomerase (PPlase)-substrate analogue 
tetrapeptide’? and in an uncomplexed form’'. NMR studies 
of the CypA-CsA complex revealed the bound conformation 
of CsA7**3. Subsequent modelling studies provided a pre- 
liminary structure of CsA docked into CypA**”*. A number of 
other crystal forms of the CypA-CsA complex have large unit 


cells with multiple copies of the complex in the asymmetric 


unit”. We have solved the tetragonal crystal form with a pen- 
tamer of the complex in the asymmetric unit (Fig. ta; see legend 
for structure determination). The fivefold rotational symmetry 
of the pentamer is quite exact and even some 250 of the 509 
positioned water molecules obey the fivefold symmetry. The 
average root-mean-square deviation (r.m.s.d.) between. the five 
CypA molecules is 0.59 A (for all pairwise fits using all atoms). 
The refined X-ray structure of CypA bound to a tetrapeptide 
which was used in molecular replacement has an r.m.s.d. of 
1.1A (all atoms) from the pentamer protomers. The five 
independent CsA molecules are also closely similar and have 
an average r.m.s.d. of 0.26 A (for all pairwise fits using all atoms). 

The cyclophilin pentamers pack in pairs to form decamer 
discs which sandwich the CsA molecules. A side view of the 
decamer (Fig. 1b) shows that CsA-binding loops of CypA are 
on one face of the pentamer whereas the secondary structure 
elements line up on the opposite surface. In the crystal form 
described here, a (crystallographic) twofold rotation axis inter 
sects the fivefold axis orthogonally (Fig. 2). The ens ironment 
of each CypA molecule in the ‘decameric cyclophilin-cyclo- 
sporin sandwich’ is very similar, with protein-protein interac- — 
tions made to four CypA neighbours (Fig. 2). a 
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The CsA backbone conformation is similar to that determined 
from NMR studies of the complex”’, with an r.m.s.d. of 0.55 A 
(for Ca atoms of CsA) between the crystal complex and the 
modelled docked structure**. The major new finding is the 
existence of an intramolecular hydrogen bond between the 
hydroxyl group of MeBmt-1 and the carbonyl oxygen of MeLeu- 
4. The docked structure had this hydroxyl group pointing 
towards CypA forming a hydrogen bond with the carbonyl 
oxygen of Asn 102 (ref. 24). 

The crystal structure shows that CsA binds to C ypA with the 
side chains of MeBmt-1, Abu-2, Sar-3, MeLeu-9, MeLeu-10 and 
MeVal-11 of CsA making contacts of less than 4A with the 
CypA residues Arg 55, Phe 60, Met 61, Gin 63, Gly 72, Ala 101, 
Asn 102, Ala 103, Gln 111, Phe 113, Trp 121, Leu 122, His 126 
(Fig. 3a). These thirteen CypA residues define the CsA binding 
site and are identical to those proposed by the modelled docked 
structure’*, Nine of these residues are also within 4A of the 
tetrapeptide acetyl-Ala-Ala-Pro-Ala-ame (amc is amidomethyl- 
coumarin) bound in the active site’. The active-site residues of 


FIG. 1 a Stereo drawing using MOL- 
SCRIPT*? of the crystallographic asym- 
metric unit which consists of a planar 
pentamer complex of five CypA 
molecules bound to five CsA molecules. 
The red CypA molecule at the top of 
the diagram corresponds to molecule 
A in Fig. 2. CsA molecules are drawn 
in space-filling mode with carbons 
yellow, oxygens red and nitrogens 
blue. b, Stereo ribbon drawing?? of 
the ‘decameric cyclophilin-cyclosporin 
sandwich’ viewed along the crystallo- 
graphic dyad and orthogonal to the (ver- 
tical) fivefold axis. The five cyclophilin 
pairs related by the crystallographic 
dyad are coloured identically. The 10 
CsA molecules are in the middle of the 
sandwich interacting with CsA binding 
loops from the cyclophilin molecules. 
The CsA carbon atoms of each CsA are 
coloured the same as its bound CypA 
molecule. 

METHODS. Details of X-ray structure 
determination: intensity data to 2.8 Å 
resolution were collected on tetragonal 
crystals (space group P4,2,2 with a= 
b=95.2 A, c=280.0A) at the DESY 
Synchrotron Source (Hamburg) using ‘ 
an image plate detector (200,668 oTa e 
measurements of 32,027 unique a te he 
reflections; R sym=8.1%; complete- 
ness, 98%). Subsequently an additional 
data set to 5.0 A was collected with a 
FRS71 rotating anode using a FAST area detector (46,052 measurements 
of 11,333 unique reflections; R,,,,,=9.3%; completeness, 80.9%). Self- 
rotation function calculations with the program POLARRFN (SERC Daresbury 
Laboratory, UK) using data between 8A and 5A (Patterson radius 30 A) 
yielded unique peaks at w=18, @=45, x =71 (3.80), at w=75, d6=26, 
K =180 (3.50) and at w =80, ¢ =10, x =180 (4.2). These peaks, together 
with a crystallographic twofold axis, were interpreted as possibly resulting 
from 52 point-group symmetry. Cross-rotation function calculations with 
XPLOR®* using the refined model (without CsA) of CypA (ref. 20) and data 
between 10A and 3A gave 5 unique peaks (3.3- 3.50) at w=29.7. 
@=193.1, k =204.4, at w=38.6, 6=184.2, k=249.1, at w =26.4, d= 
186.8, x =230.8, at w=38.0, 6=179.3, x =188.6, and at w=51.1, d= 
201.6, x = 250.3. These peaks were consistent with the existence of a local 
fivefold rotation axis and also provided a calculated self-rotation function 
which agreed very well with the observed self-rotation function. Translation 
function calculations for each of the five cross-rotation function solutions 
using the program TFSGEN (SERC, Daresbury, UK) and data between 48 A 
and 3.1 A resulted in strong peaks (14.1 — 17.90) and indicated space group 
P4,2,2 rather than P4,2,2. The program TFPART (SERC, Daresbury, UK) 
was used to correctly position these five translation function solutions 
relative to each other (yielding subsequent peak heights increasing from 
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the two complexes have very similar conformations. The largest 
side-chain movements are 1.3 A for Arg 55 and up to 0.7 Å for 
Phe 60, Gln 63 and Trp 121. The fit between CypA and the 
binding edge of CsA is excellent and centres round the protrud- 
ing side chain of MeVal-11. The solvent-accessible surface area 
of free CsA in this bound conformation is 1,238 A?, of which 
42% (526 A*) becomes inaccessible in the CypA-CsA protomer, 
as measured with the program AREAIMOL (SERC, Daresbury, 
UK). There are four direct hydrogen bonds between CsA and 
CypA (Table 1; Fig. 3a). In the modelled docked structure”, 
residues 4, 5, 6, 7, 8 of CsA protrude out into the solvent, and 
are thought to be involved in binding the effector protein, 
calcineurin. In the decamer, this so-called effector region of CsA 
interacts with two other CypA molecules as well as a (twofold 
related) CsA molecule (Fig. 3b). There are two direct hydrogen- 
bonds from neighbouring CypA molecules in the ‘decameric 
sandwich’ to the effector region of each CsA (Table 1: Figs 2 
and 3b). 

The formation of a supramolecular complex in the crystal 
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22.30 to 50.0 a). The initial R-factor (without CsA) for data between 48 A 
and 3.1 A was 37.6% and a Fo— Fc map showed excellent density for the 
five CsA molecules. Refinement with XPLOR using data between 48 A and 
2.8 A gave an R-factor of 28.4%. CsA was then built into a Fo- Fc map 
and subsequent refinement resulted in an R-factor of 21.3%. Individual 
8-factors were then refined and 509 water molecules added to give a final 
R-factor of 15.7% for all data between 20 A and 2.8 A (32,020 reflections), 
All refinement steps were done without imposing non-crystallographic sym- 
metry constraints. For the final model the r.m.s. deviations from target 
values are 0.011 A for bond lengths and 2.7° for bond angles. An estimate 
of how well the non-crystallographic fivefold symmetry is conserved has 
been made by applying an exact fivefold rotation for a given atom and 
determining the r.m.s.d. from the observed positions. For all CypA atoms, 
including side chains, the average r.m.s.d. between the observed and five-fold 
calculated positions, is 0.61 A and for Ca atoms this r.m.s.d. is 0.26 A. The 
non-crystallographic fivefold symmetry is also strongly conserved between 
the five CsA molecules with average r.m.s.d. values of 0.27 A for all atoms 
and 0.15A for the eleven Ca atoms. The conservation of the fivefold 
symmetry also holds for 250 of the water molecules which show an average 
r.m.s.d. from exact fivefold symmetry of 0.3 A. 
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a6 Crystallographic dyad 


Ly 


FIG. 3 a Stereo drawing”? of one of 
the five CsA—CypA complexes. The rib- 
bon representation of CypA has helices 
coloured green, strands coloured red 
and turns coloured pale blue. Those 13 
CypA residues involved in CsA binding 
are also drawn (see text). CSA has the 
sequence c-(MeBmt-Abu-Sar-MeLeu- 
Val -MeLeu-Ala-p-Ala-MeLeu-MeLeu - 
MeVal), where Me indicates V-methyla- 
tion and MeBmt is (4R)-4-[(E)-2- 
butenyl]-4,N-dimethylthreonine. CsA is 
coloured with carbons grey. oxygens 
red, nitrogens blue and all bonds yellow. 
CsA residue numbers are shown. The 
„four CsA... CypA hydrogen bonds are 
drawn as dashed black lines (see Table 
1). The intramolecular hydrogen bond 
between the hydroxy! group of MeBmt 
and the carbonyl! oxygen of MeLeu4 is 
also shown. b, Stereo drawing?” of the 
environment of a CsA molecule in the 
‘decameric sandwich’. The central CsA 
molecule is drawn with bonds coloured 
yellow CypA residues which have any 
atom <4 A from any atom of the cen- 
tral CsA molecule are drawn, Hydrogen 
bonds are shown as dashed lines. No 
water molecules are included. Residues 
9, 10, 11, 1, 2 of CsA sit in the binding 
pocket of the blue CypA molecule. 
Residues 2, 3, 4 are within 4A of a 
dyad-related CsA molecule drawn here 
with green carbons and pink bonds. CsA 
residues 4, 6, 7, 8 and 9 in the effector 
region make contact to two CypA 
molecules in the decameric sandwich 
(coloured here in green and red). The 
two direct hydrogen bonds in the 
effector region from Ala 7 to Lys 31 
and Giu 81 are shown. 
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FIG. 2 Diagrammatic representation of the ‘decameric cyclophilin-cyclo- 
sporin sandwich’ viewed along the fivefold axis. The top face of the decamer 
is composed of the pentamer labelled A, B, C, D, E and the bottom symmetry- 
related face is labelled A’, B’, C’, D', E’. The decamer has a diameter of 
~105 A and a depth of ~66 A. The hole through the middie has a diameter 
of ~16 Å. The crystallographic dyad [110] orthogonally intersects the 
fivefold axis which lies in the (110) plane and is inclined 16.8" from the c 
axis. The two unique noncrystallographic twofold axes (L, and L> which were 
major peaks in the self-rotation function) are shown. The diagram also 
indicates the intermolecular contacts: A is in contact with E, B, A’ and B, 
while CsA-A makes contacts with A, B, A’ and CsA-A’ 
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TABLE 1 Intermolecular oe bonds within the decameric cyclophilin 
cyclosporin: sandwich 


eee 





From CypA molecule A to molecules E and B within the pentamer 


CypA atom CypA atom Alrange) 

A28 Lys NZ . . .£4120 Glu OE 3.05 (2.43-3.10) 

A43 Glu OE ...E148 Arg NH 3.90 (3.33-3.90) 
A120 Glu OE... B28 Lys NZ 2.50 (2.43-3.10) 
A148 Arg NH.. . B43 Glu OE 3.90 (3.33-3.90) 


From CypA molecule A to molecule B’ 


A31 Lys NZ... B’B1 Glu OE 3.29 (2.60-3.29) 
A79 Tyr O... 881 GiuN 3.18 (3.00-3.18) 
A81 GluN...B’79 Tyr O 3.00 (3.00-3.18) 
A82 Lys NZ... B'84 Glu OE 3.49 (3.32-3.99) 
A84 Glu OE... B'82 Lys NZ 3.99 (3.32-3.99) 
Hydrogen bonds between CsA and CypA 
CsA atom  CypA atom Alrange) 
Al MeBmt 0... A63 Gin NE 2.94 (2.94-3.27) 
A2 AbuN...A102 AsnO 3.25 (2.92-3.25) 
A9 MeLeuO... A121 Trp NE 2.81 (2.81-2.96) 
A10 MeLeu O... A55 Arg NH 3.06 (2.77-3.06) 
A11 MeVal O... A126 His CE 3.40 (3.28-3.67)* 
A7 Ala O... B31 Lys NZ 3.93 (2.84-3.93) 
A7 AlaN...A‘’81 Glu OE 3.11 (2.80-3.11) 
Hydrogen bonds between CsA and water (W) 
CsA atom A (range) 
Ai MeBmt 0... W1 3.1 (3.1-3.2) 
A5 ValO...W5 3.0 (3.0-3.5) 
A6 MeLeu O... W6. 3.4 (2.3-3.6) 
A8 p-Ala N... W8 3.3 (2.9-3.3) 


Each of the five independent CypA molecules (A, B, C, D, E) in the planar 
pentamer form very similar contacts. The atom name consists of the 
molecule name (Fig. 2), residue number, residue type and atom type. The 
interatomic distance (A) is given for one of the five contacts. The range of 
distances found for the other four molecules is given in parentheses. 

* The carbonyl oxygen atom of MeVal-11 of CsA is about 3.4A from CE 

of His 126. Hydrogen-bond formation between CsA and His 126 would 
require 180° rotation about Xa, which would however preclude the formation 
of two alternative His 126 hydrogen. bonds. 


raises the question of the possible biological relevance of such 
oligomers. Unit cell volumes of two other crystal forms of 
CypA-CsA complexes are consistent with ten molecules per 
asymmetric unit”’. This suggests that the ‘decameric sandwich’ 
may exist in solution. An immunophilin of M, 59K is known 


to associate with two heat-shock proteins (Hsp 90 and Hsp 70) | 


and the glucocorticoid receptor”. Heat-shock proteins mediate 


protein folding”? and some function as oligomers. For example, 
->the Hsp 60 chaperonins are composed of two stacked 7-subunit 
= rings. Two other. protein crystal structures, the 23K human 
ce Co reactive protein? da homologous serum amyloid P com- 


> ponent??, were found to be pentameric. In both cases this may 
be biologically relevant. In the decameric sandwich’, CsA has 
about 80% of its surface. hidden, leaving a solvent-accessible 
E surface of 270. A*: the CsA dings site (and therefore the PPlase 
active site) is s completely accessible. | E 
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THE histidine-containing phosphocarrier protein (HPr) is a central 
component of the phosphoenolpyruvate: sugar phosphotransferase 
system that transports carbohydrates across the cell membrane of 
bacteria’. A typical phosphotransfer sequence is phosphoenolpyru- 

vate-> enzyme I-> HPr— enzyme I/I" > sugar. This is ther- 
modynamically favourable owing to the participation of the high- 
energy phosphoenolpyruvate. We report here the structure of HPr 


from Streptococcus faecalis determined at 1.6 A resolution. =, 


Remarkable disallowed Ramachandran torsion angles at the active’ 


centre, revealed by the X-ray structure, demonstrate a unique 


example of torsion-angle strain that is probably directly involved 
in protein function. During phosphorylation, the active-centre 
torsion-angle strain should facilitate the phosphotransfer reaction 
by lowering the activation-energy barrier. A recently reported 
Bacillus subtilis HPr structure’, which represents the phosphory- 
lated state of HPr with no torsion-angle strain, provides direct 


- evidence supporting our hypothesis that torsion-angle strain plays 
a direct part in the function of HPr. An HPr phosphotransfer 

a cycling mechanism is proposed, based primarily on the structures 
of HPr and other phosphotransferase system proteins. 


The structure of HPr from S. faecalis has been solved using 
multiple isomorphous replacement (MIR) followed by solvent 


_ flattening’ and has been least-squares refined at 1.6 A resolution, 


Details of crystallization, data collection, MIR phase determina- 


tion, structure refinement and overall structure description are 
given in Table 1 and the legend to Fig. 1. The active centre of 
HPr consists of a histidine residue, at position 15 (His 15), the 
_ target of phosphorylation, and Arg 17. In S. faecalis HPr, the eee 
side chains of His 15 and Arg 17 point away from each other 4 


to adopt an open conformation (Fig. 2a) in the phospho-free 
state. This conformation is rigidly maintained by three hydrogen 
bonds (see legend to Fig. 2a). His 15 in S. faecalis HPr has a 
relatively low pK, (6.1)* and it was generally accepted that this 
resulted from the direct interaction between the side chains of 
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FIG. 1 a Schematic ribbon representation of the overall folding of S. faecalis 
HPr: the ribbon illustration was generated using the program SETOR**, The 
Overall folding topology of HPr is a classical open-faced 6-sandwich The 
B-sheet with right-handed twist consists of four antiparallel B-strands and 
the helical face has two major antiparallel a-helices and a minor œ helix 
The three a-helices are a-A(16-27), a-B(46-52) and a-C(69-84); the four 
B-strands are B-A(2-8), B-B(32-36), B-C\40-44) and B-D(58-66). A com- 
parison of the NMR structures of HPr from 8 subtilis” and HPr from E 
coli2°2* with this structure shows that they are very similar in overall) 
tertiary folding, although the minor a-helix was not observed in the NMR 
structures. The X-ray stfucture of S. faecalis HPr is in general agreement 
with all HPr structures published so far*****, except for the E coli HPr 
X-ray structure**. Therefore the general HPr structural motif in different 
bacteria is apparently the open-faced 6-sandwich. There are two C-terminal 


His 15 and Arg 17. Based on the current structure, however, this 
low pK, can be attributed instead to the positive dipole moment 
at the N terminus of the a-A helix” as His 15 N-caps the a-A 
helix and the side chains of His 15 and Arg 17 are far apart 
Evidence that this open conformation of the active centre Is 
involved in protein function is provided by the site-directed 
mutagenesis study of HPr from Escherichia coli, in which it was 
found that a Gin5l>Glu mutation phos- 
photransferase activity by 90% (ref. 7). Modelling indicates that 
in the open conformation of S. faecalis HPr, if Met 51 were to 
be replaced by Gin 51, then the resulting longer side chain would 


decreased 


be close enough to form a direct hydrogen bond to Ne2 of 


His 15. The Gin 51 > Glu mutation in E. coli HPr introduces an 
extra negative charge and would affect the electrostatic and/or 
conformational microenvironment of the active centre, resulting 
in a significant change in the biological acivity of HPr. We 
propose that in the phospho-free state of HPr, the open confor- 
mation of the active centre (having residue 51 in the vicinity) 
is the one most likely to be involved in the phosphotransfer 
process with enzyme I. But the actual interaction awaits the 
structure determination of enzyme I and, more relevantly, struc- 
ture determination of the enzyme I/HPr complex. 

Only one residue in the S. faecalis HPr structure, Ala 16 
(located in the middle of the active centre), adopts energetically 
unfavourable or disallowed Ramachandran” angles (Fig. 2c). 
The strained conformation is illustrated in Fig. 1b, together with 
a section of the electron density map for which the tripeptide 
His 15-Ala 16-Arg 17 was omitted from all calculations. In addi- 
tion, the w angle of Arg 17 is 168°, 12° from planarity. We 
realized that these strained angles could be important in the 
phosphotransfer function of HPr. Modelling studies show that 
by rotation of main-chain torsion angles to achieve only allowed 
Ramachandran values (Fig. 2c) and adjustments of the side- 
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residues (Glu 88 and Gin 89) missing from the present mode. 6, An om 
2F. — F.) stereo map of the active centre with the final model (His 15, Ala 16 
and Arg 17) superimposed for the omit map calculation, residues 15 


were left out of both the least-squares refinement and the map caiculation 
the map is contoured at a 1.0g level 

METHODS. Residues 1-78 of HPr were fitted in a 2.8 A solvent-fiattened 
MIR map using TURBO-FRODO (ref. 9; Biographics, Marseilles The partial 


model was refined using X-PLOR*”: residues 79-87 were then cor ted 
on (3F..—2F.) and (F..—F.) maps. The refinement was gradually extended 
to higher resolution. Manual adjustment of the model was carried out at 
intervals of the refinement. The R factor is 0.168 for all data between 8.0 


and 1.6 A resolution, maintaining good geometry with r.m.s. Gevidtions In 
bond lengths of 0.012 A and in bond angles of 2.22". Coordinates will De 
deposited in the Brookhaven Protein Data Bank 


— —————— 


TABLE 1 Crystallographic and multiple isomorphous replacement data 
Crystal Native KAUCI, CIS Pt NH 
No. of measurements 88,281 4036 ] 
(number of crystals 2 (1 
No. of unique reflections 9,587 1,752 LB7e 
completeness, % (95.0 78.5) 849 
Ro. 0.061 0.062 .0% 
Resolution limit (A 1.6 2.1 ; 
R. 0.391 090 
Phasing power (F,,./E 4.75 | 
R 0.360 651 
Number of major sites 2 l 
Mean figure of merit ((/7)) 0.86 at 2.8A resolutior 
i ———— 
Ra, > |/ WE R > | Fees Fal \Fel; phasing power - 
S f2/35/16. 7 =) Site p E 5 fns mel 
V2 TR 2 py Phea Roy 2 |F p , i 2. | 
reflections. Fo, Fp, and Fa, native, derivative and heavy-atom structure 


factors, respectively 
he S. faecalis HPr (M.=9,438) native crystals were grown by vapour 


n, 


diffusion from a solution containing 2.7 mg m * protein in citrate-phosphate 
buffer (pH 5.0) equilibrated against 45% saturated ammonium suiphate 
Space group is P2,2,2, with cell dimensions a=5. 
29.88 A. The X-ray source was an Enraf-Nonius FR571 rotating-anode ger 
erator operated at 45kV, 95mA, with copper radiation and a graphite 
monochromator: data were collected on an Enraf-Nonius FAST area detector 
diffractometer. The temperature of measurement was 14°C. Data were 
processed using the MADNES*® software package and the CCP4 suite 


Daresbury Laboratory, UK) was used for all subsequent crystaliograpnic 
calculations. Final heavy-atom parameters used for the phasi 
obtained by a Dickerson-type refinement’’, as implemented in the CCP4 
program PHARE (G. Bricogne). Anomalous scattering data were inciuced in 
the phasing calculation and were also used to determine the correct enan- 
tiomorph, A 2 8.A MIR map was considerably improved using solvent flatten- 


ing*, even though there is a relatively low solvent content (36%) 
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FIG. 2 a, Open, or phospho-free, form of the active 
centre in HPr. For clarity, the three hydrogen bonds 
mentioned in the text are not illustrated. CB rep- 
resents CG of an amino acid. The main chain O 
of Thr 12 forms a hydrogen bond with N81 of 
His 15 while Ne2 of His 15 hydrogen-bonds to a 
well-ordered water molecule that in turn hydrogen- 
bonds to the main chain O of Met 51. There is one 
water molecule hydrogen-bonded to Nn of Arg 17, 
b, Proposed model of closed, or phosphorylated 
form of the active centre in HPr. CA represents 
Ca of an amino acid. c, Ramachandran plot for the 
structure of S. faecalis HPr; crosses and squares 
represent non-glycine and glycine residues, 
respectively. The open-form torsion angles are 
observed values for the phospho-free state of HPr: 
the closed-form torsion angles of Ala 16 are for 
the modelled phosphorylated state of HPr 





chain torsion angles, the side chains of His 15 and Arg 17 can 

be easily brought together to make a closed conformation (Fig. c 180 
2b) suitable for accommodating a phosphoryl group; adjust- 
ments of main-chain and side-chain torsion angles were made 
using the program TURBO-FRODO (ref. 9; Biographics, 
Marseilles). Phospho-HPr (P-HPr) in the closed conformation 
is stabilized both by the positive dipole moment of helix A and 
by the positive charge of Arg 17. The energy released by going 
to allowed Ramachandran angles was estimated to be ~4 kcal- OU 
mol~' using the program BIOGRAF (BioDesign, Pasadena). 

This torsion-angle strain would lower the activation-energy bar- 5 
rier for the phosphorylation of His 15. Therefore, we suggest def 
that this strain facilitates the phosphotransfer process from Lf 
enzyme | to HPr. It should be noted that the local ‘high energy’ Pi 
torsion-angle strain is compensated by favourable interactions 

such as the three hydrogen bonds, bringing the protein to its 

overall energy minimum. The energy of this hydrogen bonding” 

is comparable to that of the torsion-angle strain. The breaking | 
of hydrogen bonds in the active centre has been detected during -120 
phosphorylation of His 15 (ref. 11). Disallowed Ramachandran 

angles associated with active sites have been found in some 
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proteins and are generally believed to have structural and also -180 

-i > > M € > 12 4 d » > > > » >» m r 
possible functional roles ^“, To our knowledge, there are no other 180 -120 -60 0 60 10 180 
examples in which the activity/angle-strain relationship has 
been fully rationalized. Hence we present here the first rationaliz- Phi (° ) 


ation of active-centre disallowed Ramachandran angles that are 
likely to play a direct role in protein function. The recently 
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FIG. 3 Proposed HPr phos- 
-photransfer cycle. . P-HPr: 
_-phospho-HPr; E-i: enzyme i; 
~P-E-l: phospho-enzyme d; E-H: 
enzyme I; P-E-it phospho- 
-enzyme lil, The closed confor- 
sation of the active centre 
“(~10A in the — longest 
dimension) would bë easily 
~ accommodated by the hydro- 
phobic doughnut (~18A 
z diameter? of enzyme IN 
_ whereas the open conforma- 
-ton (~18Å in the longest 
 dimènsion) could not be 
i accommodated. 
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central TA of the hydrophobic ring. The hydrophobic 


doughnut and His 90 of enzyme HI would precisely direct the 
approach of P-HPr (Fig. 3). As the phosphoryl group leaves 


F oe HPr, the charge on Arg 17 is no longer neutralized and HPr is: 
structure does not apparent have torionange ir train, as judged 


repelled by the extreme hydrophobic environment. Simul- | 


taneously, the His 15 and Arg 17 side chains of HPr. would: | 


separate and the active centre would take on the strained open — 


conformation (Fig. 2a), ready for the next cycle; formation of 
= hydrogen bonds to His 15 and Arg 17 would help to stabilize S 
the open conformation and the protein would be in an overall 


energy minimum. By cycling i in this manner (Fig. 3), HPr could 
accept and donate a phosphoryl group by adopting an open 


_. conformation suitable for interacting with enzyme | anda closed 


conformation suitable for interacting with enzyme HE LE. 
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Three groups have successfully isolated the gene responsible for the X-linked Menkes disease, heralding great 
promise for our understanding of copper morantem = tor diagnosis of the osoei, 


IN 1962, John Menkes, a trainee neurol- 
ogist at Columbia University in New 
York (who eight years earlier had de- 
scribed the first case of so-called Maple 
syrup urine disease} witnessed an infant 
with an unusual deteriorating brain dis- 
ease and white, twisted, brittle hair'. 
The disease was evidently familial, and 
those affected lived for only a year or so. 
Initial suspicions as to the site of the 
defect focused on amino acid metabol- 
ism, but blood and serum measurements 
provided no clues. Ironically, ceruloplas- 
min levels monitored in a 1-week-old 
affected child also proved normal 

unknown to Menkes at the 
time, they would subse- 
quently decline, providing 
a telling clue to the under- ys 
lying defect. But it was not 7 
until ten years later that 
David Danks noted that 
the unusual hair in Menkes 


disease, as it was then 
known, resembled the 


wool of sheep in Australia 
that suffered from copper 
deficiency”. (Copper is 
required for the cross- 
linking of amino acids in 
keratin and other connective 
proteins.) 

More recent biochemical studies have 
indicated that Menkes disease results 
from a copper-transport abnormality. 
Copper (Cu) ions are vital cofactors for 
at least half-a-dozen enzymes throughout 
the body, including lysyl oxidase, 
cytochrome c oxidase, superoxide dis- 
mutase and dopamine B-hydroxylase, 
and the majority of Menkes disease 
symptoms can be. explained rather satis- 
factorily by deficiencies in these en- 
zymes. Menkes patients, however, pos- 
sess elevated amounts of Cu in most 
tissues (except the liver) suggesting that 
the intracellular transport of Cu is at 
fault. In particular, studies with cultured 
fibroblasts from Menkes patients have 


tissue 





shown the efflux of Cu to be defective’. 
Speculation can now be firmly put to rest 
with the accounts in this month's Nature 
Genetics of the cloning of the defective 
Menkes disease gene on the X chromo- 
some. Like most successes using the 
positional cloning strategy’, the charac- 
terization of Menkes patients with trans- 
locations (of the long arm of the X chro- 
mosome) provided the key to finding the 
gene. And, fortunately, the complete 
structure of the Menkes gene product 
(see figure) contains a bounty of infor- 
mation for those seeking to understand 
ion transport and the role of heavy 
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Predicted structure of the Menkes disease protein — a 
P-type ATPase (see ref. 5). 


metals in cellular function. 

The gene, which has been indepen- 
dently isolated by the groups of Jane 
Gitschier and Seymour Packman (Uni- 
versity of California, San Francisco), 
Anthony Monaco (Institute of Molecular 
Medicine, Oxford) and Thomas Glover 
(University of Michigan), detects an 8.5 
kilobase (kb) messenger RNA in most 
tissues examined?’ (although notably 
only minute levels are found in the 
liver). But mm 23 out of 32 Menkes 
patients examined in all, the RNA was 
either qualitatively or quantitatively 
abnormal”. The Oxford group also 
found that 16 of 100 patients had 
various jon-overlapping deletions of 
the gene”. 

The full-length complementary DNA 
sequence obtained by the San Francisco 
team reveals a predicted 1,500-amino 
acid protein containing six transmem- 
brane domains’. Database homologies 
indicate that the Menkes gene product is 
a member of a cation-transporting P- 
type ATPase subfamily. The greatest 
resemblance is to the Cu export protein 
of Enterococcus hirae, but there are 


significant similarities to other prokaryo- 
tic cation transporters including those for 


cadmium and potassium. The predicted 
structure contains typical P-type ATPase 
ATP-binding, phosphorylation and 
phosphatase domains, as well as a cation 
channel. The phosphorylation domain 
contains a conserved aspartic acid res- 
idue which is thought to undergo a 
round of phosphorylation during the 
transport cycle. The protein also posses- 
ses a conserved proline residue (flanked 
by conserved cysteine residues) thought ~~ 
to be involved in energy transduction 
and ion binding. The N terminus con- 
tains six 23-residue repeats, each con- 
taining a Cys-X-X-Cys motif and prob- 
ably involved in copper binding. 

The cloning of the Menkes gene raises 
many intriguing questions. Could Wil- 
son’s disease, another hereditary dis- 
order of Cu metabolism in which the 
liver accumulates Cu while other tissues 
are relatively unaffected, be attributable 
to a defect in a related liver-specific 
transporter? How similar is the gene 
responsible for mottled, the murine 
homologue of Menkes disease? And 
could the Menkes gene also be responsi- 
ble for another disorder, X-linked cutis 
laxa (occipital horn syndrome), a con- 
nective tissue disorder featuring bladder 
abnormalities and bony ‘horns’ for which 
Cu abnormalities have been described? 
The San Francisco group have found 


that cultured fibroblasts from two cutis: 


-{ 


laxa patients are virtually lacking the 
Menkes gene transcript (although South- 


ern analysis of the DNA appears 
normal)”. This suggests that the two 


disorders are indeed allelic, although 
interestingly, Menkes disease is also 
commonly associated with severe reduc- 
tions in RNA levels. Finally, the cloned 
gene should greatly facilitate diagnosis of 
Menkes disease, which currently is per- 
formed biochemically in just two centres 
worldwide”. Although a severe disorder, 
early detection and copper histidine re- 
placement therapy on a daily basis offer 
a promising form of treatment’. 

Kevin Davies 


Kevin Davies is Editor of Nature Genetics. 
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:  POST-DOCTORAL RESEARCH POSITION IN 
N MOLECULAR GENETICS 


ğ Me Department of Cytogenetics and Molecular Genetics in she: Centre for Medical 
3 netics invites applications for appointment as a junior or senior post-doctoral scientist. 
: Department has a number of research projects which focus around studies of the 
uman pea These include mapping human chromosome 16, positional cloning of 
-genes of interest on this chromosome, mapping of cloned genes, mapping disease genes 
-by linkage, studies of chromosomal fragil e sites and unstable DNA. The Department is 
well-equipped and well funded by the Hospital, the NH&MRC, the US Department of 
- Energy and the Howard Hughes Medical Institute. | 
“Salaries and conditions of employment are those specified by the NH&MRC. The | 
appointment will be for one year in the first instance but the prospects for longer term | 
employment are good. The appointee will be located at the Adelaide Children's Hospital | 
Campus. 
Applications containing a full Curriculum Vitae, telephone and fax contact numbers for 
the applicant and referees should be forwarded to: 
ee Professor G.R. Sutherland 
Centre for Medical Genetics 
Women's and Children's Hospital 
Adelaide 5006 AUSTRALIA 

Telephone: (618) 204 7284 Facsimile: 618) 204 ET 
- Applications close 6th Teiivary 1993, 
an equal opportunity employer 
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Division of Pathology 


POSTDOCTORAL 





| P are c ivited fora Postdocdiort Kaai ch 
Associate supported by the Arthritis and Rheumatism 
_ Council to study mechanisms of DNA damage in 
-rheumatoid arthritis in a collaborative project between 
Dr KE Herbert (Leicester) and Dr D Perrett (London). 
The work will involve HPLC, electrophoresis and 
- molecular biological techniques, with a portion of the 
time being spent developing electrophoretic techniques 
at St Bartholomew's Medical College, London. The post 
is funded for three years. Initial salary will be between 
. £12,638 — £20,140 per annum on the R&A IA scale 
... depending on qualifications and experience. 
<o. Applications, including full C.V., the names and 
addresses of two referees should be forwarded to Dr K E 
. Herbert, Molecular Toxicity Group, Clinica! Sciences, 
Glenfield General Hospital, Groby Read, Leicester, LE3 
9QP. Informal enquiries may be made to Dr Herbert 
(Tel: 0533 871471, ext. 3041). 
Closing date for applications is 22 January, 1993. 
(0128)A 
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Bernhard Nocht Institute for 
Tropical Medicine 
Hamburg 
Basic Clinical Research Group A 
A position for a Physician Scientist in tropical medicine is available. l 
Conditions of employment are according to BAT with an initial. i 


5-year contract and the possibility of subsequent tenure. Partofthe | 
obligations are to participate in the establishment of a basic clinical i 


research group, the tasks of which are to perform 1 


disease-orientated fundamental research in tropical medicine atthe | a 
Bernhard Nocht institute for Tropical Medicine in Hamburgandatites-{ 
1 field stations in West Africa. 


Applicants should be board-certified internists with experience in 


| tropical medicine and in basic biomedical research (Molecular 


Biology or Molecular Immunology). 


- Applications, including curriculum vitae and bibliography are to be 1 
| submitted to: J 


Professor Hans J. Müller-Eberhard, Director, 
Bernhard Nocht Institute for Tropical Medicine, 
Bernhard-Nocht-StraBe 74, 2000 Hamburg 36, 7 

Federal i Republic « of one: WASIYAT 


A tenure-track position is available for an 
individual to develop an independent research 
program as part of a team of investigators interested 

in lymphoid cell development at a molecular level 
and the nature of immunodeficiency disorders. 
Space, resources and salary are committed. Appli- 
cants must be US citizens or permanent residents 
and have post-doctoral training in relevant disci- 
plines. To apply, please send a statement of 
personal goals, curriculum vitae, and names of 
references to Dr. Stephen E. Straus, Laboratory of 
Clinical Investigation. 


National Institute Of Allergy | 


And Infectious L 


NEM ORG T 
9000 Rockville Pike, Building 10, ‘Room TIN? 28 
Bethesda, MD 20892 
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‘esearch Scientist 


-—Biometrician/Statistician 
$37,036 to $92,942" 

Fisheries and Oceans Canada 

Centre for Resource Assessment and Survey Methodology, St. John's, 
Newfoundland 


| Thereisan immediate need fora versatile individual who can collaborate with fishery scientists and develop 


new models, tests and methods in support of the Department's fishery resource assessment mandate. The 


| position involves both long-term and short-term research on a wide variety of topics. You will work alone 


and in collaboration with other scientists at the Northwest Atlantic Fishery Centre, and in other laboratories 
as part of a group with expertise in statistics, modeling, mathematics and population dynamics. 


You must have a doctoral degree from a recognized university in statistics, applied mathematicsor another 


F _ appropriate quantitative science, or a lesser degree with evidence of research experience and productivity 
<$ equivalent to that of a doctoral degree. You also require experience in conducting research in applied 
<d- mathematics (statistics) and a strong theoretical background demonstrated by a significant record of 
| publications in primary scientific literature. Proficiency in English is essential. 

“|. “The salary will be commensurate with your qualifications and experience. 


| Preference in appointment will be given to Canadian citizens. 


. : Further information may be obtained by contacting Dr. John M. Hoenig, Centre Head, Resource 
_| . Assessment and Survey Methodology, at (709) 772-2802. 


| -Please forward your résumé and/or application form by January 29, 1993, quoting reference number 


S-92-31-7673-47JG-(G26), to: Public Service Commission of Canada, 66 Slater Street, 





~ referees 





-< Ottawa, Ontario K1A 0M7. 
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We are committed to Employment Equity. 


Commission de la fonction publique 
du Canada 
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of Canada 
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EXECUTIVE DIRECTOR 
AMERICAN INSTITUTE OF BIOLOGICAL SCIENCES 


Position Description: The Executive Director of the American Institute of Biological 
Sciences is a full-time, senior level position, with administrative responsibilities for the 
Institute's Office in Washington D.C. 


American Institute of Biological Sciences: Founded in 1947 as a component of the 
National Academy of Sciences, the American Institute of Biological Sciences (AIBS) became 
an independent, non-profit organization in 1955. Today it is a member-governed, umbrella 
federation of 50 scientific societies, museums and research laboratories, representing more 
than 80,000 biologists, students and others concerned with the life sciences. These 
individuals represent the full range of biological disciplines and are employed in colleges, 
universities, museums, industry, laboratories and government. 


The Mission of AIBS is to address pressing biological issues, especially understanding and 
pesenrving biological diversity, to serve as a national representative for biologists, and to 
= enhance biological education, research and interaction among professional biological 
. societies, AIBS is devoted to advancing the basic biological, agricultural, environmental and 
medical sciences and their applications to human welfare. The Institute translates its goal 
into action through broad-based participation by members, elected officials, affiliate 


| > societies and consortium partners from other sciences, by providing joint meetings, 
“>. ‘comprehensive publications including BioScience, and a unified voice for biologists, all 


= ‘supported by a full-time professional staff housed in the National Center for Life Sciences in 
. Washington D.C. a 

<- Responsibilities: The Executive Director has the administrative and financial 
- responsibilities for AIBS, including working with the Board of Directors to set policies and 
- ‘program priorities, to serve affiliated societies and members, to supervise a professional 
staff of approximately 35 persons, to lead AIBS programs such as the large Annual Meeting, 


TO the Special Science program and the publication of BioScience, to attract funding for special 


_ projects, and to serve as an articulate spokesperson and advocate for the biological sciences 
-In Washington and nationwide. 
Qualifications: Applicants should preferably have a Ph.D. degree in the biological sciences 


s a or closely related disciplines, at least ten years of professional experience in the biological 


sciences and considerable experience with the executive and legislative branches of the 


a -© federal government, an appreciation for the research enterprise, and well-developed writing 


and speaking -skills ‘in addition, applicants should be able to demonstrate innovative 

leadership of multidisciplinary organizations. 

Applications: Applicants should submit a letter of intent, resume and the names of five 
gy abstr esol fl 0, 1993. Inquiries and applications should be addressed to Paul 

‘G. Risser, President's Office, Roudebush Hall, Miami University, Oxford OK 45056. 

_AIBS is an Equal Opportunity/Affirmative Action employer. (NW8797)A 
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LAR GENET 


an Genetics, University of. 
Maryland at Baltimore, seeks a full-time; 
tenure-track investigator who is applying” 
molecular approaches to developmental/s 











Fak 


eukaryotic systems. The successful candidate 

will be expected to participate in an interactive 

research environment and contribute to the 
training of medical, graduate, and professional 

students. A Ph.D. or M.D. degree, with atleast two. 
years of relevant postdoctoral training and 

experience, is required. The ability to obtain 

independent funding within a reasonable period 

is essential. This position is available July 1, 1993. 

The Division of Human Genetics consists of 11 

full-time faculty members (8 Ph.D., 2 M.D, and an 

M.D./Ph.D.), 5 genetic associates, and a clinical 

coordinator. A broad range of basic and clinical 

research is represented. The Division offers a 

Ph.D. degree in Human Genetics, and its training 

program is fully accredited in all subspecialty 

areas by the American Board of Medical 

Genetics. Research interests include molecular 

cytogenetics, genome organization and 
regulation, and gene mapping of inherited 

disorders. 


Í Salary is commensurate with qualifications and | 


experience. Candidates should submit a current 
curriculum vitae, selected reprints, a detailed 
Statement of past experience, a description of 
future research plans, and the names of three 
references to: Maimon M. Cohen, Ph.D, 
Director, Division of Human Genetics, 655 W. 
Baltimore Street, Room 11-037; Baltimore, 
MD 21201. 

The University of Maryland is an Equal 
Opportunity Affirmative Action Employer. 
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POSITIONS 
CENTER FOR GENE THERAPY. 
BAYLOR COLLEGE OF 
MEDICINE 
Postdoctoral/Postdoctoral Associate 


positions are available in the Center for 
Gene Therapy at Baylor College of 
Medicine. The Project areas include 1) 
recombinant viral vectors and 
DNA-based vectors for somatic gene 
delivery in animal models; 2) Gene 
Therapy for metabolic deficiencies, 


cardiovascular disorders, infectious 
diseases and cancer. Salary is 
commensurate with research 


experience, and Baylor is an equal 
opportunity employer. 


Applicants must have a Ph.D. and/or 
M.D. degree. Applications should be 
sent with updated curriculum vitae to: 
Dr. Savio L.C. Woo ka 
Director, Center for Gene Therapy | 
Baylor College of Medicine 
1 Baylor Plaza, Room T721 


Houston, Texas 77030. Ss 
"INWB792)A 



















department with expertise 
griese te, hu- 


their Curriculum Vitae and three refer- 
ences to Dr. Max Costa, Professor and 
Chairman, ent of Environmen- 
tal Medicine, Medical Center, 550 
First Ave., New York, NY 10016. Re- 
sumes must be received by February 26. 
EOE, M/F. (NW8806)A 


WHERE EXCELLENCE IS A WAY OF LIFE. 





INSTITUTE OF 
OPHTHALMOLOGY 
(University of London) 
Bath Street, London ECIV 9EL 
Tel: 071-608 6860 


SENIOR SCIENTIFIC 
OFFICER 


Applications are invited for the 
above post to manage the 
Electron Microscope Unit within 
the Department of Clinical 
Science. successful applicant 
would be expected to undertake 
his/her own research projects, 
attract outside funding, develop 
new techniques and assist in 
ongoing poma within the 
Institute. The post would suit 
candidates with a higher degree 
and who have extensive EM 
research experience of brain and 
ocular tissue. 


Salary on the scale £18,315 to 
“£24.41 9pa including LA. 


Informal enquiries to Dr | 

Greenwood, tel: 071-608 6858. 

For further information and an DES 
application form please contact: P Sen 
Louise Platten, at the above 

address, quoting reference 

32401. Closing date for receipt of 

completed application forms: 21 

January 1993. 

The Institute operates a no-smoking 

policy. (0094)A 





LEUKAEMIA RESEARCH FUND 
Department of Histopathology 
University College London Medical School 


RESEARCH FELLOW 1A 


Required to study the cellular properties of human lymphomas derived 
from mucosal lymphoid tissue in comparison to those of nodal origin. 
Experience in protein separation techniques is an advantage. The position is 
available immediately and is for two years in the first instance. Salary will be 
on the 1A scale (£12,638 — £20,140) + £2,134 London Weighting. 
Informal enquiries should be made to Dr Jo Spencer on 071-387 9300, 
ext. 5175. Applications in the form of CV and the names and addresses of 
two academic referees should be sent to: Martha Sampson, Senior 
Personnel Assistant, UCL, Personnel Department, Gower Street, 
London WCIE 6BT. Please quote Ref: GA27. 
Working Toward Equal Opportunity. (0125)A 


As a result of an internal promotion, a major career 
development opportunity has arisen within Organon 
Laboratories Limited, part of the international AKZO 


organisation, for an experienced pharmacologist who is 
able to demonstrate maturity, creativity and an 


innovative track-record. The position will be based in 


modern laboratories at Newhouse, Lanarkshire situated 
between Edinburgh and Glasgow. 


HEAD 


Department of Pharmacology 


Key responsibilities will include the leadership of about 
35 graduate scientists and technicians, and the provision 


of scientific direction in association with Company 
senior management teams in the UK, France and the 
Netherlands. A broadly-based knowledge of modern 


pharmacological principles is essential, and a degree of 
specialisation in CNS research would be considered an 


advantage. A contribution to strategic planning, and 


assistance in the programme and project review process 


will be expected. 


Serious candidates will already be leading their own 


Group or Department, probably within the 
pharmaceutical industry, will have displayed a capacity 


for co-operation with chemistry colleagues and will be 


capable of dealing with the management of change within 


a multi-disciplinary project team environment. Peer 
acceptance will be evident from publication record, 


awards or editorial positions. Salary and benefits will be 
commensurate with such an important post. 
If you believe you have the necessary vision, drive and 


experience and would like further information, phone 


Dr Mike Hall or alternatively send your CV citing ref 9293 


to the address below. Closing date 29 January 1993. 


Roger Stephens & Associates 


3 Park Street, Old Hatfield, Herts AL9 SAT, UK 
Telephone: UK Code (0044) 707 271500 


Fax: (0044) 707 271366. 


POSTDOCTORAL FELLOW/ 


(0123)A 








RESEARCH ASSOCIATE 


To study molecular genetics of starvation gene regulation in 
Pseudomonas, and construction of starvation promoter-driven 
bioremediation systems in this genus (see J. Appl. Bacteriol, 73: 
49S-57S, 1992). The constructed strains will be tested in model 
laboratory systems as well as under in-situ conditions in collaboration 
with environmental engineers. Demonstrated productivity in microbial 
molecular biology and/or physiology is required. Competitive salary 
and benefits. Send C.V. with names of three references to: Dr. A. Matin, 
Department of Microbiology and Immunology, Sherman Fairchild 
Science Building, Stanford University, Stanford, CA 94305-5402. 
An equal opportunity, affirmative action employer. (NW8786)A 





oe AS at ae. SITY 
OF HONG KONG 


3 Faculty of Medicine 






invites applications for the following teaching positions in the 
| Faculty, tenable from mid-August 1993: 


| General Requirements 

| Applicants should possess a relevant higher degree, preferably 
| a PhD, or its equivalent, or a medical qualification, preferably 
| registrable with the Hong Kong Medical Council and relevant 
+ teaching and research experience. 


-E Senior Lecturer/Lecturer in Anatomy (Ref. 121/509/2/92) 
| Teaching experience in one or more of the following topics will 

-E be an advantage: histology, embryology, neuroanatomy and 

-§Ẹ topographical anatomy. The Department of Anatomy is 

:Ẹ currently active in research programmes involving tissue 

“ffi culture techniques, immunocytochemistry, and transmission 
and scanning electron microscopy. 


-E| Senior Lecturer/Lecturer in Pharmacology 
By) (Ref. 122/509/2/92) 
| Applicants should have experience in teaching pharmacology 
-$ to medical and/or pharmacy students. The Department's 
§ research interest include the role of eicosanoids and 
@| polypeptides in inflammation, drug metabolism and the 
development of drug assays, intracellular calcium control in 
< human mast cell and vascular smooth muscle, properties of 
~ cardiac ion channels. Preference will be given to those with 
|. research interests in drug metabolism. 


Annual Salary and Fringe Benefits 

Senior Lecturer: HK$534,000-717,360 by 8 increments 

Lecturer: HK$343,680-389,880 by 2 increments BAR 
HK$413,040-574, 140 by 7 increments 


(approx. exchange rate: £1=HK12) 
Starting salary and grade will be commensurate with 
qualifications and experience. 


The University offers a competitive remuneration package. 
Superannuable appointment benefits include leave with 
full-pay, medical and dental care, education allowances for 
“children, and where appropriate housing benefit (with 
appointee contributing 7.5% of salary towards such housing 
provision) and leave passage benefit for eligible appointees 
and dependants. Appointment may also be made on fixed term 
contract carrying equivalent benefits including a contract-end 
gratuity (15% of basic salary) where applicable. The University 
may also consider more flexible terms for suitable candidates 
subject to mutual agreement. 


Application Procedure 

| Send full resume in duplicate, with names and addresses of 3 
referees, copies of academic credentials (in duplicate) and 
recent publications to the Personnel Office, The Chinese 
University of Hong Kong, Shatin, N.T., Hong Kong (Fax: (852) 
- 603 5026) before February 20, 1993. Quote appropriate 
reference number and mark “Recruitment” on cover. 

(WO419)A 


ROYAL POSTGRADUATE MEDICAL SCHOOL 
Department of Medicine 
Gastroenterology Unit 


SENIOR RESEARCH OFFICER 1A 







‘investigate the regulation of expression of the intestinal vitamin 
D-dependent calcium binding protein calbindin-D9K in humans. The 
‘project will involve molecular and cellular and cellular work and some 
„experience in tissue culture would be advantageous. 

Further details are available from Dr Julian Walters at 081-740 3266. 









-| £12,638 — £20,140 plus £2,134 London Allowance. 

| Further particulars and application forms are available from the 
Personne! and Payroll Division, Royal Postgraduate Medical School, 

450 Du Cane Road, London W12 ONN. Telephone 081-740 3204 

“quoting ref: AMUUD. 

sing date: 22nd January, 1993. 


















-Required for a project funded by the Welicome Trust for 3 years to | | 


The salary will be on the Postdoctoral Research Assistant 1A scale of 





UNIVERSITY OF 


in association with. te Colle je - ae: 


FIVE-YEAR UNIVE 


LECTURERSHIP IN ATO 
LASER PHYSICS 
Appications are invited for a University Lecturership in Atomic and Laser | 
Physics for a fixed period of five years from 1 October 1993 to replace an | 
established member of staff on special leave. The successful candidate 
will be expected to have an active research programme in experimental 
or theoretical atomic and laser physics, andto be an effective teacher and | 
lecturer, The University stipend will be according to age on ascale which | 
is currently £13,400-£26,407 per annum. Suitably qualified candidates | 
will be eligibie for election to a teaching Fellowship at Worcester College: | 
detalls of the additional duties and emoluments associated with the Col- | 
| lege.appointment are given in the further particulars. These may be ob- | 
tained from Professor PGH Sandars, Department of Physics, Clarendon |. 
_Laberatory, Parks Road, Oxford OX1 3PU (tel. 0865 272234: FAX 0865 | 
| 272375) to whom applications (8 copies except in the case of overseas | 
applicants from whom only one is required) should be sent to arrive by 12. | 
| February 1993. The application should include a curriculum vitae, list of | 
| publications, details of teaching experience, a statement of research ine | 
teresis and the names and addresses of three referees. {0113A 


The University is an Equal Opportunity Employer 


Department of V elërmary E 
Parasitology y 
POST-DOCTORAL | SR 
POSITION 


Be 


GLASGOW 


j A three-year position is available as part of an AFRC funded link programme 


with the Institute of Animal Health (Crompton) to study the peptides 
recognised by cytotoxic T-cells on the surface of protozoan parasite infected 
bovine lymphocytes. The successful applicant will join an active research 


| group working on the molecular biology and immunology of parasites in the 

Wellcome Unit of Molecular Parasitology. The project will involve peptide 

$ purification by HPLC together with gene cloning and expression; experience 
{ in either area would be an advantage. 


| Please send applications, accompanied by a full c.v. and the names of two 


referees, to Professor A. Tait, Department of Veterinary Parasitology, 


|| University of Glasgow, Bearsden Read, Glasgow G61 1QH. ——_(0087)A 


RESEARCH ASSOCIATE 


A postdoctoral position is available in Professor John Kay's 
group working on Aspartic Proteinases and Their Inhibitors. 
The project, which is in collaboration with Dr B M Chain, 
UCL, London, will involve molecular characterisation of 
cathepsin E and its involvement in antigen processing (eg. 

- see Eur J.Immunol. (1992) 22,1519). Work includes 

= recombinant protein production and mutagenesis. The post 
is funded by The Wellcome Trust and is available for three 
years. Experience in molecular biological techniques is 
considered important. 
Salary: circa £14,000 
For details and an application form, please write to 
Personnel Division, 50 Park Place, Cardiff CF1 3AT or ring 
(0222) 874452, quoting Ref 93/02. These should be returned 
together with two copies of a 
CV before 4 February. 
Informal enquiries may be 
made to Professor J Kay on 
(0222) 874124. (103A i $e ee 





















~ FOUNDATION 


a he World AIDS Foundation (WAP announces its 
cntent to support research and education 
lating to AIDS in the developing world. The 
goal of the WAF is fo facilitate information 
change and to assist developing countries to 
respond to the AIDS pandemic. 





6 Foundation is particularly. interested in 
projects that are catalytic, and once in place 
: could have a multiplicative “ie The WAF also 


-applications that originate i developing 

| countries and which emphasize collaboration 

| between and among scientists from developed 

and developing countries. The main area of 

interest of the WAF is education for health 
professionals in developing countries especially 
in-country training. This includes highly focused 
workshops which enhance the scientific process 
and. transfer knowledge needed in the effort 
against HIV infection and AIDS. 






The limit of any single funding request to the 
Foundation is $200,000. 


Application Procedures: 


Concept letter and applications may be 
prepared in either English or French. Applicants 
should submit concept letters for initio! 
consideration. Following review of concept 


letters, applicants may be invited fo submit 
complete proposals. The annual deadline for 





T receipt of concept letters is February 1. 


Concept letters and inquiries concerning the 


programs of the World AIDS Foundation should 
be directed by mail or by fax to eifher: 


World AIDS Foundation 
p Assistant Secretary for Health 
-c/o Director, Fogarty International Center 
| National institutes of Health 
Building 31, Room B2C02 
9000 Rockville Pike 
Bethesda, Maryland 20892 U.S.A. 
Fax: (301) 402-2056 
or 


Fondation Mondiale SIDA 
c/o Directeur de institut Pasteur 
- 28 rue du Docteur Roux 
75724 Paris, Cedex 15 FRANCE 
Fax: 0033-1-45688938 INWE674)A 












lg: particularly interested in supporting Tl 








At Genentech, we are proud of the 
reputation we have built for the 
quality, commitment and diversity of 
our research efforts as well as for our 
business success. Our commitment to 
R&D starts with finding the top 
scientific talent i in many fields of 
biological science, and continues with 
an R&D expenditure of over 50% of 
revenues. Our scientists publish over 
200 papers per year, and the citation 
rate for these manuscripts match the 
best universities and research institu- 
tions. We now occupy a new $85 


million, 275,000 square-foot research 
facility. 


We're seeking Cancer Biologists who 
have an MD and/or PhD with 3-5 
years’ industrial or academic experi- 
ence and training in molecular, cell or 
tumor biology. Experience with 
animal models is strongly desired. 
You should have outstanding scientific 
credentials, and the drive, creativity 
and vision to contribute to and support 
an ongoing cancer program involving 
oncogenes, signal transduction, 
metastatic processes and tumor 
angiogenesis for the ultimate goal of 
developing novel therapeutics. 














Genentech offers an extensive benefits 
package which includes fully paid 
dental/medical/vision coverage, child 
care facilities, free health club mem- 
bership and an employee stock 
purchase plan. To apply, please send 
your Curriculum Vitae to Dr. Art 
Levinson, Vice President of Research, 
Mailstop VS-2, Genentech, 460 Point 
San Bruno Blvd., South San Francisco, 
CA 94080. We promote and actively 
support affirmative action and equal 
employment opportunity. (NWESOSJA 














VACANT RESEARCH 
po | APPOINTMENTS 
i The ‘Royal c ocely 1993 





_| Applications are invited for about 15 Royal Society University 
| Research Fellowships and four named research fellowships; the 
-i Eliz. Challenor, the Howe, the Horace Le Marquand and Dudley 
4 Bigg and a Pickering Research Fellowship, tenable in the first 

-instance for five years from 1 October 1993 (or slightly later in the 
4 academic year 1993-94}. Renewals of three years and then a further 
| two may be possible. The appointments available embrace all 
_ | branches of science, including agriculture, medicine, mathematics, 
_ | engineering and technology. 


Persons appointed will be paid on the academic and academic- | 


| related staff (Lecturer A and B) salary scale which currently runs 
| from £13 611 (age 26) to £23 739 (age 39) plus three additional 


| discretionary points up to £26 526. Starting salaries will be on this 
| scale, with London Allowance where appropriate, and will rise | 
-| incrementally each year. Annual research expenses (up to £11 000. 


_| for 1993-94) will be available together with travel expenses and a 
| contribution to baggage costs for successful applicants from 
| overseas and their families, 


| Applicants must have a Ph.D. or equivalent research experience. | 
They should be at least 26 but should not have passed their 33rd | 


| birthdays by 1 October 1993 although, in exceptional cases, older 
_ | applicants will be considered. Applicants should propose to hold the 
| fellowship in a university or polytechnic in the United Kingdom. 


Those already holding substantive posts in those places will not be | 


considered, University Research Fellowships are only open to 


European Community citizens employed or permanently resident in | 


the United Kingdom. 


Application forms and further information, including eligibility | 


criteria and details of the subject areas of the four named 
fellowships, are available from the Research Appointments 


Department, The Royal Society, 6 Carlton House Terrace, London | 


SWIY 5AG (Fax 071-930 2170). Closing date 12 February 1993. 
Application forms are not available after 29 January 1993 and 
applications arriving after 4 p.m. on 12 February will not be 
considered, (Q776)A 





UNIVERSITY OF YORK 
DEPARTMENT OF ENVIRONMENTAL ECONOMICS AND 
ENVIRONMENTAL MANAGEMENT 
Senior Lecturer in Ecological Economics 
Senior Lecturer in Natural Resource Management 
Applications are invited for two senior lectureships, one in ecological 
economics, the other in natural resource management, in the 
Department of Environmental Economics and Environmental 
Management (EEEM). Exceptionally, candidates may be considered for 
appointment at the level of Reader. Candidates should have a strong 
research record in ecological economics/natural resource 
management, but applications will also be considered from candidates 
<f whose research is in a closely related area. A research interest in the 
..| international dimensions of the economics and management of 

“of resources may be an advantage. l 
| EEEM is a new initiative of the University of York, and will offer BSc, 
cI MSc, Diploma, MPhil and D Phil degrees in Environmental Economics 
cf and Environmental Management. The core of all of non-research 
-i degrees will include courses in economics and ecology, with the 
`| department providing courses in, inter alia, conservation. and 
$ management, ecological economics, environmental law, bioeconamic 
4 modelling, and regional environmental planning. 
_ | The posts are available from 1 October 1993. The salary will be within 
“4 the Senior Lecturer scale £25,969 — £29,348 per annum. 
Informal enquiries may be made to Professor Charles Perrings, Head of 
-4 the Department of Environmental Economics and Environmental 
=E Management, by telephone 0904 432999 or fax 0904 432998. 
>i. Six copies of applications with full curriculum vitae and the names 
“| of three referees should be sent by 7 February 1993 to the 
| Personnel Office, University of York, Heslington, York YO1 5DD, 
cA from whom further details are available. Please quote reference 
\ number 7/3353. | (01 34}A 




















CHAIR OF MICROBIOLOGY 

(Ref. No. 1099) “a 
cid wera oa are invited for appointment to a Chair of Microbiology ~~ 
and to Headship of the Department of Microbiology in the Faculty of 
Medicine. The Department's major contribution to medical 
undergraduate teaching is in the first four years of the course. The 
Department offers second and third year undergraduate courses for 
the BSc degree in the Faculty of Science and a fourth year of study for 
Honours in Microbiology. The Department has a strong postgraduate 
program leading to MSc or PhD degrees. Clinical microbiologists and 
infectious diseases physicians make an important contribution to the 
Department's teaching programs. 





The Department of Microbiology has a strong commitment to 
excellence in research and established projects emphasize a molecular 
approach to the study of infectious diseases, microbial pathogenesis, 
microbial genetics, virology, microbial physiology and biotechnology. 
Several projects are conducted in collaboration with institutions 
outside Monash University. 


The University is currently developing plans for the appointment of a 
Professor/Director of Venereology and a Professor/Director of 
Infectious Diseases and the Professor of Microbiology could develop 
collaborative projects with the appointees to these positions. 

Applicants should be distinguished microbiologists with established ©. 
research records and el Salas in teaching at undergraduate and .., 
postgraduate levels. Preference may be given to an applicant with 
research interests in molecular microbiology or virology. The 
appointee to this position will be Head of the Department and will be 
expected to provide leadership in administration of the Department 
and in the management of its academic development. 


Salary: A$77,900 per annum. A paraclinical loading of A$9,001 per 
annum will also be paid to a medically qualified appointee. 
Superannuation, travel and removal allowance, and temporary 
housing assistance are available. 


Information on application procedure and further particulars may 
be obtained from the Personnel Officer (Chair Appointments), 
Monash University, Clayton, Victoria, 3168, Australia (facsimile (61 
3) 565 6016), or from Appointments (41296), Association of 
Commonwealth Universities, 36 Gorden Square, London WCIH 
OPF, UK. Enquiries of an academic nature should be directed to 
Professor R.C. Bayly (facsimile (61 3) 565 4811). 

of lorena should reach the Acting Registrar not later than Friday 
19 February 1993. Council reserves the right to make no 
appointment or to appoint by invitation at any stage. 

Monash University is an equal opportunity employer and promotes a 
smoke free work environment. IWO434)A 


JOHN INNES INSTITUTE 
ohn Innes Centre, Norwich 


Applications are invited for a Higher Scientific Officer to work on a joint 
project. between the John Innes Institute and the Universidad Autonoma 
de Madrid, to investigate the interaction of host and Virus- encoded 
transcription factors with the large intergenic region of the plant DNA 
virus, wheat dwarf virus (see Hofer et al (1992, The Plant Cell 4.215. 
Fenoll ef al (1990), Plant Mel Biol, 15:S65) Experience in ino citro 
DNA-binding techniques is desirable but not essential. Informal enquiries 
can be made to Dr PM Mullineaux at H or to Dr C Fenoll at the Facultad 
de Ciencias. UAM. 

The appointment is for a period of three years, funded by the Commission 
of the European Communities Programme. and in accordance with the 
terms of the CEC contract only non-UK European Community Nationals 
are eligible to apply. The successful candidate will be expected ta divide 
his her time equally between the two centres. 





Applicants should have a first or second class Honours degree, or 
equivalent mascience discipline, together with at least two years relevant 
postgraduate research. The appointment vill he made at the Higher 
Scientific Officer level, salary scale £12.85 to £17,916 per annum. 
Non-contributory superannuation. Equal Opportunities Employer. : 
Applications with full CV together with the names of three referees should oug 
he sent to the Personnel Officer, John Innes Centre. Colney Lane, 
Norwich NRA 7UH quoting reference AG 716. Closing date for 
applicationsis Gist January, 1993. 

The John danes Institute is associated with the AFRE Institute of Phint 
Science Research. (OMA 





ratsa se) - 






















Package of around A$125,000 


-The successful candidate will have: 
¿s an outstanding record of research achievement and leadership, 
i -1e highly developed research management skills, | 

<. sa commitment to consultative planning of research, 
"© a commitment to the effective application of research results, and 
- + excellent communication skills, 


-would R&D experience in the food industry. 


||. superannuation and provision of a private-plated motor vehicle. 


STOCKHOLM 
ENVIRONMENT 
INSTITUTE 


international Institute for Environmental Technology and Management 


Executive Secretary 
| BIOTECHNOLOGY ADVISORY COMMISSION 
| The Stockholm Environment Institute recently established a 
~ Biotechnology Advisory Commission (BAC) consisting of eminent 
` international experts in the field of biotechnological applications and 


related environmental safety issues. The BAC is to advise on the | 


{| potential risks and benefits that are expected to result from the 


| introduction to a country of genetically modified organisms, taking | 


f into account evolving international codes of conduct. 


|. Applications are invited from scientists with a doctoral qualification | 


or equivalent, and with outstanding skills relating to the assessment 
of the impact of biotechnology, especially as applied fo developing 
ountries, for the post of Executive Secretary, the chief, full-time 
cecutive officer of the BAC. Applicants should have experience in 


g safety guidelines and also possess a knowledge of risk E 


ssment procedures. This challenging position will involve the 
r 
tockholm. The salary and related benefits will be at a level 
commensurate with the proven level of experience and skills required 
x ANS. post and, together with the period of appointment, is 
egotiable. | | 
pplications, accompanied by a full curriculum vitae indicating the 
ames of three persons to whom reference may be made, and 
|. indications of the salary expectation, should be sent by 29 January, 
F 1993 to The Director, Stockholm Environment Institute, Box 
{$ 2442, $-10314 Stockholm, Sweden, from whom further particulars 
{ are available. 
The Stackholm Environment institute is an international insite with 
its headquarters in Stockholm and centres in Boston (LISA), York (UK) 
and Tallinn (storia). ff carries out research on Asses Anka 
environment and development with the aim of clacidating polk y 
| options in this area. M has a stall of over 50. (WOFIBJA 











Division of Food Science and Technology, Sydney, Australia 


ollowing a major external review of its food processing research, CSIRO is seeking to appoint an outstanding research leader and manager to lead its Division of Food 
Science and Technology. This Division is expected to play a leading role in providing a scientific basis for development of the Australian food industry. | 


A good understanding of the issues facing the Australian food industry and of the potential for R&D to enhance its international comptetitiveness would be a 
significant. advantage. The ability to provide leadership in developing collaborative research programs with other Australian organisations would be highly regarded as 


The Division of Food Science and Technology is one of six divisions within the CSIRO Institute of Animal Production and Processing. The Division's headquarters 
are in Sydney. Its other laboratories are in Brisbane and Melbourne. it has a total staff of about 270. a 
The Chief will be accountable to the Director of the Institute and responsible for the performante and strategic direction of the Division. The Chief will also 
|. represent CSIRO before industry, community leaders, the media and the public. The appointment will be for five years and will involve an annual performance contract 
-> between the Chief and the Director of the Institute, Alternatively, other employment arrangements can be negotiated. 
The remuneration package for this position will be in the vicinity of A$125,000 including a salary component of not less than A$95,706. The package includes 


_ More information on the position is available from Mr. John Baistow, Institute Manager (Resources), (Ph: (61 2) 887 8253, fax 
(61.2) 887 8260). Interested applicants are invited to discuss this position with Dr. Alan Donald, Director of the Institute (Ph: (61 2) 887 8250). 
The Director would also'be interested in hearing from people who may be able to help identify suitable candidates for the position. 

abe Written applications should be sent to: Dr. A.D Donald, Director, CSIRO Institute of Animal Production and Processing, 

PO Box 93, NORTH RYDE NSW 2113, Australia by Friday, 5 March 1993. | 








|| approximately £2.5m, 40% of which is raised externally, 


cise of proven planning and management skills. The post is based | 
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CSIRO IS AN § 


EQUAL OPPORTUNITY EMPLOYER | AUSTRALIA 


cs rf d 





DIRECTOR 
| OF SCIENCE 


Institute of Zoology | 





THE ZOOLOGICAL, | 
OCIETY OF LONDON | 


Applications are invited for the post of Director of Science, to | — 


I| be responsible to the Secretary of the Zoological Society of |] a 


| London for the implementation of scientific policy. This post |). 
includes the Directorship of the Institute of Zoology, ay) | 


|| UFC-supported institute of the University of London, witha |) 


staff of 85 working in Ecology, Conservation Genetics, |) 
| Reproductive Biology and Veterinary Science including | 
Wildlife Disease. The Institute's mission is to study 
fundamental sciences underpinning Conservation Biology, 
including those with a wider relevance. Its annual budget is | 




















| principally through peer-reviewed grants. The institute is | 
housed in modern well-equipped laboratories at Regent's | 
Park and carries out field research projects in the UK and 
overseas. 
The post would suit an innovative biologist established asa 
leader in one of the above disciplines, but with inter 
disciplinary interests; managerial experience is-essential. The 
post also carries responsibility for the Society's publications 
Library, membership schemes and Scientific Meetings: 
The appointment will be at Professorial level (Salary on grade 
5 of the Scientific Civil Service). aa 
Candidates should send a full CV including the names 
three referees to Head of Personnel, Zoological Societ 
London, Regent's Park, London NW1 4RY. The closii 
date for applications is: 14th February 1992. ©aa. 





Chair of Microbiology (1975) 


Applications are invited for appointment to the Chair of 
Microbiology (1975) in the Faculty of Science. The Department 
has established excellence in research on microbial 
pathogenesis and infection and immunity, with marked 
+f strengths in microbial and molecular genetics, bacterial 
{4 membranes and cell surfaces and molesular virology. Other 


research areas include applied and environmental 


microbiology and immunology. The Department has attracted 
significant grants for research from national, European 


Community and international bodies. There is a significant 
association in research with the Unit of Clinical Microbiology, 
Faculty of Health Sciences. 

The Department of Microbiology’s main teaching contribution 
is to its Honors course leading to a B.A. (Moderatorship} in 
science. It also has major teaching commitments, in which the 
Unit of Clinical Microbiology participates, to the Schools of 
Medicine and Dental Science in the Faculty of Health Sciences 
and to the School of Pharmacy in the Faculty of Science. 


Applicants, scientifically or medically qualified, will be 
expected to provide academic leadership and to have a 
distinguished reputation and established research record in 
one of the constituent disciplines of the subject. 

Further particulars of the appointment, including details of 
salary and other benefits, may be obtained from the College 
Secretary, West Theatre, Trinity College, Dublin 2, Ireland (Tel: 
+353-1-7021123, Fax: +353-1-7 10037) to whom formal applica- 
tions may be sent, before 19 February, 1993. 


Trinity College is an Equal Opportunity Employer. (109) 




























UNIVERSITY OF MANCHESTER 
DEPARTMENTS OF MEDICINE AND BIOCHEMISTRY AND 
MOLECULAR BIOLOGY 


RESEARCH ASSISTANT 


Applications are invited for this three-year post from scientists with a good | 
honours degree in physiology, biochemistry or pharmacology. The project 
involves studying the properties and regulation of apical membrane sodium and 
potassium channels from mammalian colon. The appointee will be based in the 
|. Department of Medicine (section of Gastroenterology) at Hope Hospital, Salford, 

_ and the work will involve preparation of membrane vesicles, vesicle incorporation 
F into lipid membrane bilayers, and single channel recording. Candidates should 
} have some experience of ion transport mechanisms and be willing to develop their 
4 interests and expertise in this field with the intention of obtaining a PhD. The post, 
-F funded by the North Western Regional Health Authority, is available immediately. | 
Initial salary £12,638 p.a. Enquiries can be made to Dr. Geoffrey Sandie (Medicine, | 
Hope Hospital) by phone (061 787 4363) or FAX (061 787 7432), or to Dr. Maicoim | 
Jones (Biochemistry and Molecular Biology, Manchester Medical School) by phone 
{061 275 5093) or FAX (061 275 5082), Particulars and application forms {returnable 
by January 25th} from the Registrar (Academic Staffing Office), The University, | 
Manchester M13 9PL (Tel: 061 275 2028). Quote ref. 262/92. J 


The University is an Equal Opportunity Employer. — (0119A 





RE-ADVERTISEMENT 
INSTITUTE OF ZOOLOGY — 
ZOOLOGICAL SOCIETY OF LONDON 
POST-DOCTORAL RESEARCH SCIENTIST 
| required to work on the regulation of gene expression during mammalian early 
[embryonic development. The position, which offers an opportunity for 
4 independent research to a scientist with previous post-doctoral experience, will 
‘| suit a broadly based embryologist with an interest in a wide range of vertebrate 
‘| species, and will involve taking forward a new programme in Primate Embryonic 
| Development (currently funded by an MRC/AFRC Programme Grant). 
JA Opportunities for co-supervision of post-graduate students. 
|. Start up funding and technical support will be provided, and the appointment will 
| be made according to age and experience up to the Senior end of the Lecturer’s 
{ Seale, plus London Weighting. 
`F The Institute of Zoology is a grant aided institute of the University of London. 
‘f -Farther details from Professor A P F Flint (071 722 3333). Formal applications 
| including names of three references, full CV and a one page proposal should be 
-F sent to Professor A P F Flint, Institute of Zoology, The Zoological Society of 
London, Regent's Park, London NW1 4RY. Closing date: 21st January 1993. 
tee (O1Z1)A 





UNIVERSITY OF NOTTINGHAM 
SUTTON BONINGTON CAMPUS 
DEPARTMENT OF PHYSIOLOGY AND 
ENVIRONMENTAL SCIENCE 
MMB RESEARCH FUNDED PROJECT 
RESEARCH TECHNICIAN 
GRADEC 
Apalications are invited for the above position within a research 
group under Professor Lamming. 
The work mainly involves hormone profiles of domesticated 
animals using radioimmuno techniques and assistance with in-vitro 
tissue culture and anti-viral assays. General laboratory 
maintenance is part of the routine duties. 
The post is offered in the first instance for 1 year, with probable 
extension. 
Salary range £9,488-£10,639 (Technician Grade C} for a 5 day 37 
hour working week, 
Apolication forms may be obtained from the Administrative 
Assistant, University of Nottingham, Faculty of Agricultural & 
Foed Sciences, Sutton Bonington Campus, Sutton Bonington 
nr Loughborough, Leics LE12 5RD. Telephone (0602) 516003, 
quoting post ref: 92/28. 
Closing date: Friday 12 February 1993. 





(0096A 


SWISS FEDERAL INSTITUTE OF 
TECHNOLOGY — LAUSANNE 
ECOLE POLYTECHNIQUE FEDERALE — 

LAUSANNE 


Applications are invited for the following positions 
at the Department of physics: 


Professor of Nanostructures and 
Assistant Professor of 
Optoelectronics 


The files of research cover experimental studies of light-electron 
interactions in quantum semiconductor structures and the 
development and study of solid-state optoelectronic components for 
applications in the field of information technology, sensors and 
actuators, respectively. The candidates are expected to participate in 
physics teaching at the undergraduate and graduate level. 

Female candidates are especially encouraged to apply. 4 


The deadline for the receipt of applications is February 28, 1993. 
interested candidates should ask for the application form to: 
Presidence de l'Ecole polytechnique 
fédérale de Lausanne | 
CE-Ecublens - 1015 LAUSANNE, SUISSE 


(WO414)A 





































FACULTY POSITIONS IN 
MOLECULAR ONCOLOGY 


The Lady Davis Institute for Medical Research, Jewish General 
Hespital and the rls of Oncology, McGill University, Montreal 
invite applications for tenure track positions at the Assistant 
Professor ievel or higher. Applicants should have a PhD or MD 
degree with three years post-doctoral experience in the areas of 
molecular biology of breast cancer, leukemogenesis, signal 
transduction, oncogenes/suppressor genes or drug resistance. 
successful candidates will be part of the newly constructed 
Molecular Oncology Laboratories, Lady Davis Institute and will be 
funded initially by the NCI Terry Fox Development Program. f 
Competitive salary will be commensurate with experience and ._ 
qualifications. In accordance with Canadian Immigration < 
requirements, priority will be given to Canadian citizens, aithough 
all are encouraged to apply. 

A-curriculum vitae, statement of research interests, and 
three letters of reference should be forwarded to: Dr John 
Hiscott, Molecular Oncology Laboratories, Lady Davis | 
institute for Medical Research, 3755 Cote Ste Catherine, į 
Montreal, Quebec H3T 1E2. Ss [NWEPOB)AS 

















































oe ` Novo N Nordisk. Als 
“Nove Allé | 

~ DK-2880 Bagsvaerd 
Denmark 











Department Fungal Sc 
| & Genetics Manager 





as manager € of our ‘Department for Fungal Screening & Genetics. For this job. 
we need an experienced mycologist with managerial qualities. 


The primary objec ‘ives: of the department are: | 


° isolation, identification and growth of fungi by advanced techniques 





© screening for new products (primarily enzymes) of fungal o gin 
estrains optimization by means of modern microbiological methods 





© assay development for identification of new products. 


* 


i fications: 





We are looking for a person with the following qué 
e Ph.D. in Biology, Biochemistry or the like 

e outstanding managerial skills 

o experience in mycology 

e experience in microbiological and molecular biological techniques. 





You will need to be well motivated and able to work well in multidisciplinary 
teams and establish good relations both within and outside the company. 

Iris necessa ry that you can work independent and maké your ¢ own priorities, 

For this position we need a dynamic person who is- able to inspire and 
motivate the department which is consisting of 11 people (4 research micro- 
biologists and 7 technicians). | 

We can offer a challenging and exciting, but at the same timea demanding 
job with good opportunities for a professional and personal : career. 

‘So if you are looking for a rewarding career with an exciting, future then 
send | your application i in writing with a full and concise c. v. to the Personnel 
Department, Bioindustrial Group. 

Informal enquiries are welcome; contact Lisbeth Anker at +45 44 44 88 88 
ext. 2340. — 

‘Are you. motivated to take on this challenging opportunity, please forward 
your written application marked ’ Manager 140” to BIG Personnel, Novo 
Nordisk A/S, Novo Allé, DK-2880 Bagsvaerd, Denmark. 


Closing § date Ist February 1993. 












Novo Nordisk is one of the world’s leading biotechnology companies. tt is a major force in. insulin manufacture and 
diabetes treatment and is the world’s largest producer of industrial enzymes. The company aise manufactures and 
markets a variety of other pharmaceuticals and bioindustrial products. Headquartered in Denmark, Nowe Nordisk 
employs more than 10.000 people in 43 countries. 





Novo Nordisk AIS Industrial Biotechnology invites applications fora position i x : 


i WoaZeya 


Universitat Ulm 





In der Fakultät fur Theoretische Medizin ist 
im Institut fur Mikrobiologie und Immunologie 
mit den Abteilungen Bakteriologie, Immunologie 
und Virologie die — 


zu besetzen. Mit der Professur ist die Leitung der 
Abteilung Virologie verbunden. 


Bewerben mogen sich Damen und Herren, die 
gemeinsam mit den beiden anderen 
Abteilungsieitern das Fach Medizinische 
Mikrobiologie in Forschung und Lehre vertreten. 
Die Lehraufgaben umfassen den Unterricht für 
Studenten der Human- und Zahnmedizin. 
Daneben ist die Beteiligung an der Lehre für 
Naturwissenschaftler erwünscht. 


Forschungsschwerpunkte der bestehenden 
Abteilungen sind Mechanismen der Pathogenese 
und der Abwehr bei mikrobiellen Infektionen. Es 
wird die Mitarbeit im SFB 322 ‘Lymphohamo- 
poese’ gemeinsam mit den beiden anderen 
Abteilungen erwartet. 


Zu den Aufgaben der Abteilung gehört die 
virologische Diagnostik für das Klinikum der 
Universitat Ulm. 


Einsteilungsvoraussetzungen sind Habilitation 
oder gleichwertige Leistungen Im Fach Virologie. 
Erwunscht ist die Anerkennung als Arzt für 
Mikrobiologie und Infektionsepidemiologie. 


Die Universitat Ulm strebt eine Erhöhung des 
Anteils von Frauen in Forschung und Lehre an 
und bittet deshalb qualifizierte Wissenschaft- 
lerinnen nachdrücklich um ihre Bewerbung. 


Bewerbungen mit den üblichen Unterlagen sind 
innerhalb von 6 Wochen nach Erscheinen dieser 
Anzeige anden | 

Dekan der Fakultat fur Theoretische Medizin 
der Universitat Ulm, 

Herrn Prof. Or. G. Klotz, 

Postfach 4066, 

W-7900 Ulm, 

zu richten, 





Schwerbehinderte werden bei entsprechender 
Eignung vorrangig eingestellt. (W0438)A 


first with the best in science 















$A46,000 - $A50,000 + Superannuation l 


Division of Forest Products, Me 
Victoria, Australia 

The Division of Forest Products conducts research and development 
on the efficient use of wood resources, and on environmentally improved 
practices. Much of its work is carried out in collaboration with the forest 
products industry. 

We are currently seeking an applied scientist/technologist with a sound 
knowledge of wood structure and its mechanical properties. Research 
experience in timber utilisation and a knowledge of the veneer and 
plywood industries is required. 

The principle aim of the successful applicant will be to work on the 
value-added utilisation of Australian hardwoods and softwoods. A 
postgraduate degree in wood technology, together with a good working 
knowledge of the veneer and panel industry is essential. 

This challenging position will require close liaison and collaboration 
with both divisional and industry personnel. Strong interpe: onal and 
communicative skills are necessary. 


Selection criteria and a duty statement may be obtained from: Ms 
Maria Germano Ph: +613 542 2217 Fax: +613 543 6613. 


Please send applications addressing the 
selection criteria and including details of your 
qualifications and experience and the names of two 
referees to: The Personnel Manager, 
CSIRO Division of Forest Products, Private 
Bag No 10, Clayton Victoria 3168, Australia 
by February 19th, 1993. (WOSIA 














Ibourne, 
















CSIRO iS AN E 
EQUAL OPPORTUNITY EMPLOYER 








AUSTRALIA 


SEARCH REOPENED 
CHAIR, DEPARTMENT 
OF PHYSIOLOGY 
AND BIOPHYSICS 


Applications and nominations are invited for the Chair, 
Department of Physiology and Biophysics of the 
UMDNJ-Robert Wood Johnson Medical School. The 
search has been reopened and seeks an individual with 

a record of outstanding research accomplishments and 
high scholarly achievement; M.D. or Ph.D. Robert Wood 
Johnson Medical School is located in Piscataway, N.J., 
approximately forty-five minutes from NYC. 

Nominations and applications with CV and potential 
references should be forwarded by February 18, 1993 

to. Sidney Pestka, M.D., Chair, Search Committee, 
UMDNJ-RWJMS, 675 Hoes Lane, Piscataway, 

NJ 08854-5635. Telephone: (908) 463-4567; FAX 
(908) 463-5223. UMDNJ, New Jersey’s university of 

the health sciences, is an Affirmative Action/Equal 
Employment Opportunity Employer, m/f/hw, anda = 
member of the University Health System of New Jersey. ~“ 


inwesioja | 
























the international weekly journal of science 
; | seeks an 
A \SSISTANT BIOLOGY EDITOR 


-forits London office, to join an expanding team selecting and 
‘preparing manuscripts for publication. We are particularly 
interested in applicants whose special expertise is in 
structural biology or in immunology, although we would 
welcome outstanding applicants from any area of biology. 
Applicants should hold a PhD or equivalent degree; fluency 
„in a foreign language is desirable. 

Applicants should send a curriculum vitae {including their 
class of degree, current salary and a brief account of their 
research and other relevant experience) together with a 
specimen News and Views article, the names of two 
referees and the briefest possible covering letter to the 
Editor, Nature, 4 Little Essex Street, London, WC2R 3LF as 
soon as possible and no later than 18 January 1993. 
oar (0067)A 








UNIVERSITY OF OXFORD 
Department of Paediatrics 
RESEARCH ASSISTANT 


- Aresearch postis available for three years in the Department of 
< Paediatrics. The position is funded by a CRC project grant to 
‘work on the molecular characterisation of a chromosome 
translocation identified in advanced rhabdomyosarcoma. The 
-research will involve the use of a wide range of molecular 
- techniques. The candidate should have a first degree in an 
_ appropriate biological subject and some practical experience 
“in molecular techniques is essential. 
<The starting salary will be on the academic-related 1 B scale up 
“to a maximum of £13,400 p.a. The position is available 
immediately. 
Further details can be obtained from Mr. D. Harper, The 
< Administrator, Department of Paediatrics, University of 
Oxford, Level 4, John Radcliffe Hospital, Headington, 
Oxford OX3 9DU (Tel: 0865 221070). Applicants should senda 
full C.V. and names of three referees to the same address (Ref. 
_ POZ). The closing date for applications is 22 January 1993. 
_ The University is an equal opportunity employer. (0099A 


UNIVERSITY OF SOUTHAMPTON 
FACULTY OF MEDICINE 
CLINICAL PHARMACOLOGY GROUP 


Postdoctoral Scientist 
postdoctoral position is available immediately for two years to 
udy the involvement of muscarinic receptors in the control of 
urnan intestinal motility. Techniques will include in vitro studies of 
gut motility, electrophysiology of isolated smooth muscle, ligand 
~—< binding and HPLC. Applicants should have a background in 
< pharmacology or a related discipline, and ideally experience with 
one of the above techniques. Salary on the Grade iA scale 
epending on age and experience to maximum of £14,962 per 
‘annum. 
formal enquiries can be made to K Hillier (0703 594264) or C 
<- Garland (0703 594364). 

Applications (2 copies of a curriculum vitae, the names, addresses 
~ and telephone numbers of 2 referees and 2 copies of any covering 
-letters etc) should be sent to (M) The Personnel Department, 

University of Southampton, Highfield, Southampton S09 5NH to 
- arrive nolater than 1 February 1993. Please quote reference number 
io M/136/NA. (O102}A 


















Working for Equal Opportunities 





| The Department of Biological Sciences invites applications for a tenure | 
track Assistant Professor position. We seek an avian ecologist with 


| | include energetics, digestion or metabolism, but any relevant are 
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University of Technology 
Perth Western Australia 


Research Associates 
Limited Term 

Isotope Science 

School of Physical Sciences 
Two Positions (Ref 1709) 


Applications are invited from candidates for two research positions in Isotope 
Science at Curtin University. The successful applicants will join a multidiscipnnary — 
research team of scientists from Curtin University, the Geological Survey o! 
and the University of WA undertaking a wide bk of isotope science studies. 
Applicants should have suitable qualifications (PhD preferred) m ether pnysics, 
geochemistry, geology or a related discipline. A background in the use of 
analysis would be an advantage. 

Position 1: 

The successful candidate will participate in the development í 
procedures for the dating of a range of- ACCE ; 








This position will involve the isotopic analysis of elements with cosmochenical 
AP. The 







duration of this appointment is for two years. 


Generai information 
Range: $33,620 (Aust) pa with annual increments (Total package af 


$44,100 (Aust) pa). Conditions for interstate/overseas appointees include airfare 


Applications including the names, addresses, telephoneffax numbers af three 
referees should be submitted 6 February 1993 to Professor JA de Lacter, Division 
of Research and Development, Curtin University of Technology, GPO Box U1967, 
Perth, WA, 6001. For further information telephone {09} 351 FHS, fax 


(09} 351 3048. (WOASZIA 


CURTIN UNIVERSITY IS AN EQUAL OPPORTUNITY EMPLOYER AND 
PROVIDES A SMOKE-FREE WORK ENVIRONMENT 


SIMON FRASER UNIVERSITY | 
DEPARTMENT OF BIOLOGICAL SCIENCES 


AVIAN PHYSIOLOGICAL ECOLOGY 


proven ability to undertake physiological research on free-living birds in 
an evolutionary and ecological context. Possible areas of research 


be considered. The successful applicant will hold an endowe 
funded jointly by Simon Fraser University, the Canadian Wildlife Si 
{CWS}, and the Natural Sciences and Engineering Research Counc! 
(NSERC) of Canada, and will be part of a team devoted to basic research 
on the problems faced by birds inchanging environments. The candidate 
will be expected to teach in the biology program and to interact with 
colleagues in the Department of Biological Sciences and the CWS. l 
interested applicants should send a letter outlining their resgar 
interests and how they fit the position’s profile, a complete curriculum 
vitae, the names of three referees and three reprints to: 

Dr. B.A. McKeown, Chair 

ATT: Avian Physiological Ecologist 

Department of Biological Sciences 

Simon Fraser University 

Burnaby, B.C. Canada, 

V5A 186 
Closing date for applications is March 1, 1993 
Simon Fraser University is committed to the principle of eq 
employment and offers equal employment opportunities to 
applicants. The Department is particularly interested in increas 
number of qualified female applicants. This advertisement is di 
applicants who at the time of application are eligible for empta 
Canada. This position is subject to budgetary confirmation. inn 






















THE UNIVERSITY 
OF QUEENSLAND 


Equal dopisany a capl oai e Úval policy 
Lecturer — Level A 
(two positions) 
Department of Botany 


Applications are invited from PhD (or equivalent) graduates with 
proven ability and enthusiasm for research, and a commitment to 
quality in teaching, for two positions within the areas of Plant 
Molecular or Environmental Biology. The successful candidates will 
be involved in teaching, postgraduate supervision, and research in 
established programs within the Department. These positions will be 
fixed term (up to 5 years) appointments. 

Salary range: A$36,285-A$38,950 per annum. 

Closing date: 1 Sth February, 1992. 

Further details are available from Professor George R. Stewart, 
Head of Department, Department of Botany, The University of 
Queensland, Qld 4072 Australia. Telephone +61 7 365-2727, 
facsimile +61 7 365-1699, 

Applications (8 copies plus original), quoting Reference No. 
55092, should include curriculum vitae, names of three people 
prepared to act as referees and an outline of teaching and research 
plans, and forwarded to the Director, Personnel Services, The 
University of Queensland, Qld 4072 Australia (facsimile 
+61 7 365-1677). 

The University of Queensland is an equal opportunity employer 
and has a smoke free work place policy. (W0433)A 





POSTDOCTORAL 
POSITION 


‘Postdoctoral Position avail- 
able immediately to work on: 
NIH funded grant to study mu- 
cosal immunity as related to 
enhancement of the immu- 
nogenicity of enteric viral vac- 
cines and recombinant pro- 
teins in a pig challenge model. 
Experience in immunology is 
required with training in mol- 
ecular virology desirable. 
Send CV and 3 letters of rec- 
ommendation to: Dr Linda 
Saif, Food Animal Health Re- 
search Program, OARDC, 
The Ohio State University, 
‘Wooster, Ohio 44691. 

— (NWS794)A 





Postdoctoral/Research 
Associate Positions 













Positions available immediately 
for study and training in cellular or | 









| expression. Preference will be 
given to applicants with Ph.D. and 
prior experience in microscale 
| protein purification or functional 









Send applications to David 
Stiles, Molecular and Cellular 
Section, School of Biclogical 












An Equai Opportunity/Affirmative I 
Action Employer. (NW8789)A 












INSTITUTE OF ZOOLOGY _ 
LOWER VERTEBRATE REPRODUCTIVE 
BIOLOGIST 


| Applications are invited for a Post-Doctoral Research Scientist to join the 
-Reproductive Biology Group to establish an international status research 
rogramme in lower vertebrate reproductive biology. The interests of the 
group range from. physiological ecology to molecular biology and we seek 
omeone with interests of comparable breadth. 

The successful applicant would receive start-up funding, access to animal 
acilities and technical support, funding for a Ph.D. student and access to 
vell-equiped molecular biological, developmental biology and endocrine 
aboratories, , a 
S)he would be expected to establish collaborative studies with the lower 
ertebrate collection within the Zoological Society and other scientists at the 
nstitute (currently comprising 35 post-doctoral staff). The Institute of 
oology is a grant-aided Institute of the University of London. Salary on the 
|. University lecturer scale according to age and experience. 

| Informal enquiries about the post and research scope of the Institute to Dr 
F Andrew Loudon (Tel 071 722 3333 ext 841; Fax 071 586 2870). Formal 
$ pplications with full CV and names of three referees to: Senior Personnel 
ificer, Zoological Society of London, Regent's Park, London NW1 4RY. 
osing date: 20th February, 1993. (0120) 




























Postdoctoral/Research Associate $ 







molecular biology relating togene $ 









analysis of transcription factors. $ 









Sciences, Lexington, KY 40506. f 





















WESTMINSTER 


(University of London). 
LECTURER IN 
BIOCHEMISTRY 







teach at 
postgraduate levels and to establish 







existing interests within the department. 
Preference will be given to candidates 
with a proven record of research in the 
| biochemistry and molecular biology of 
| the extracelular matrix. The 
department's present activity in this area 
| includes research into the biochemistry of 
| extracellular matrix of cartilage, renal 
glomerulus and blood vessels. 

Informal enquiries may be made to 












7047, Fax: 081-846 7099 

Salary will be at an appropriate point on 
į the Lecturer scale, £13,400 -- €24,736 
plus £2,134 London Allowance per 
| annum 

Applications with full curriculum 
vitae together with the names and 
addresses of three referees to The 
Secretary, Charing Cross and 
Westminster Medical School, The 

















| weeks of the appearance of this 







ROYAL 
POSTGRADUATE 
TEDICAL SCHOOL 






RESEARCH POSITION 
(Molecular Biochemist) 







well funded group to work on the 

J isolstion, characterisation and 
cloning of receptors for the novel 
trefoil peptides (pS2 and hsp) and 
map their expression in ulcerative 

| disease of the gastrointestinal tract. 









molecular biology and bio- 
chemistry is essential. | 

The post is supported by the 
Wellcome Foundation and is 
available immediately, tenable for a 
fixed period of three years. 

Salary in the range of £13,400 to 
£17122 per annum plus £2134 

London Allowance according to 
age and experience. 

Further particulars and application. 
form are available from the 
Royal Postgraduate Medical 


















or Dr Pignatelli on 081-740 3229). 





January, 1993 (O124)A 









Seeking 


Physician Director 
Nuclear Cardiology 







Fuster; M.D. Ph.D., Massachusetts 
General Hospital, 32 Fruit Street, 
Boston, Massachusetts 02114. We 
are an Equal Oppertunity Employer. 

ao ARWBBOTIA 













MEDICAL SCHOOL ||| 7 


Applications are invited for this post. The | 
person appointed will be expected to fo 
both undergraduate and | 


grant-fanded research complementary to | 


Professor Roger Mason, Tel: 08i- 846 if 













| Reynelds Building, St. Dunstan's || 
| Road, London W6 8RP, within three | 


advertisement. (Quote 93/02) (0118)A | 


Department of Histopathology | 


$ Required to join an enthusiastic and | 


Wide experience of techniques in | 


| W12 ONN. Telephone 081-740 3204. | 
f (Further information can he | 
obtained from Dr Lalani, Dr Stamp | 


Ref: AHGX6. Closing date: 22nd | 























= PRODUCTION ~ 
RESEARCH LEADER 
AALBORG UNIVERSITY, 
DENMARK 


The Faculty for Science and Tech- 














nology at Aalborg University has 


decided to increase activities within 
the biotechnology research and aca- 
demic curricula. Fish production in 
intensive, recycled aquaculture and 
industrial processing will be an im- 
portant area of interest. 

A well-qualified academic is 
wanted to conduct and manage re- 
search in fish physiology and aqua- 
culture technology. Both fresh and 
saltwater fish should be studied, e.g. 
with emphasis on genetic selection, 
bio-energetics, feed quality, feeding 
technology and behaviour in captiv- 
ity. Stress during production and 
impact on quality of the marketed 
products are important targets fo 


| the work. 


The overall goal is to generate 
fundamental research of high 
quality and industrial relevance ina 
3-6 year perspective. Both recycled 
aquaculture technology and know- 
how, as well as efficient and econ- 
omic industry-scale production are 
important aspects of the research. A 
post-graduate and a Ph.D. educa- 
tion programme is also planned. 
The expected production rate is 12 


| M.Sc.’s and 2 Ph.D’s per year. 


Research and teaching activities 
will take place in Aalborg and Hirt- 
shals (60 km from Aalborg at the 
North Sea Coast). In Hirtshals there 
will be cooperation with other exist- 
ing fisheries research institutions at 


_ the North Sea Centre. Co-operation 


is also planned with the National 
Agricultural Research Centre at 
Foulum, particularly on genetics 
and bioavailability of feedstuff. g 

The aquaculture biotechnol 
group should start work as soon as 
possible. The regular start of the 
M.Sc. curriculum will be September 
1994, but a pilot group of 6 students. 
is planned to start in September 
1993, 

if you find aquaculture biotech- 
nology an interesting new field of 
work and yourself qualified either at 
the full professor or the associate 
professor (senior lecturer) level, 
please apply by describing your in- 
terest and sending your C.V, 

Applications should be directed 
to: Biotechnology Interim Commit- 
tee, Aalborg University, Langager- 


| vej 2, 9220 Aalborg Ø. 


Deadline: 15th February, 1993. 


Informal requests can be made, 
directly to Professor Jens Aage 


| Hansen, Environmental Engineer” 
‘ ff Jd iding, Aalborg University, Sohn 
to ‘ead newly configured area. Please | | NBs £ y you 


sead Curriculum Vitae to Valentin | | gaardsholmsvej 57, DK 9000 Aal- 


borg, telephone +45 98154211- 
6526 or (better) Fax. +45 981 
42555, gie * 









2o Chief, Endocrinology Service 
Memorial Sloan-Kettering Cancer Center 





~ Memorial Sloan-Kettering Cancer Center is seek- 
ing a Chief of its Endocrinology Service in the 
< Division of General Medicine, Department of Medi- 
--cine. We encourage applications from physicians 
` who can provide leadership for the clinical service, 
clinical investigation and the training of fellows. 
This individual will be in a unique position to 
collaborate with the neighboring institutions of 
~ Cornell University Medical Center and Rockefeller 
- University. Board certification in Internal Medicine 
_ and Endocrinology required. 


Please send curriculum vitae 


XETT ERING 
and bibliography to: 


A 


S 


Oy 


John Mendelsohn, M.D. 

Chairman, Search Committee 

Memorial Sloan-Kettering 
Cancer Center 

1275 York Avenue 

New York, New York 10021 


AEMORI 
‘ ME AlL S¢ 
"E a 
YILNI Wi?’ 
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_. NANOTECHNOLOGY LINK PROGRAMME: 
ATOMIC FORCE MICROSCOPY FOR BIOMEDICAL 
: APPLICATIONS f 
-THE VGA SPM LABORATORY FOR BIOLOGICAL APPLICATIONS 
DEPARTMENT OF PHARMACEUTICAL SCIENCES 
| THE UNIVERSITY OF NOTTINGHAM 
Applications are invited for a number f: posts. in a maj ORR 


collaborative research programme to develop. biomedical atomic - 
"force microscopy. This multidisciplinary project is funded to over 

£838k by the SERC/DTI LINK Nanotechnology Programme in. i 
conjunction with Kodak Limited, Hewlett-Packard Limited, Oxford | 
Molecular Limited and Fisons Instruments (VG Microtech). The | 
“project under the joint supervision of Drs MC Davies, DE Jackson and 

S.J B Tendler is to be housed in a newly refurbished suite of | 
laboratories containing a range of state-of-the-art scanning probe | 


‘microscopes, sample preparation equipment and computer 
‘The following posts are available for a three year period. | 
stdoctoral fellow 1: Instrument design oe 


“ 









sign and will most probably have a background in physics or 
electronic engineering. i 

-Postdoctoral fellow 2: Polymer chemistry 

-This post is likely to be held by a polymer chemist who will be 


oad primarily for sample preparation and their analysis by 


Postdoctoral fellow 3: Computational chemist/programmer 







ines for data capture, display, manipulation and their integration 
with information from biophysical techniques. 

-Research Technician (grade D} | 

‘The post-holder will be responsible for the operation and 
“maintenance of the electronic and mechanical engineering 
workshop. In addition he/she will provide full technical support to the 
project. | | as N, 
informal enquiries may be made by te 


lephoning 0602 515100 or 


-by faxing 0602 515102. For further details write enclosing a CV 


_with two stated referees tothe VG SPM Laboratory for Biological 
“Applicatons, Department of Pharmaceutical Sciences, 
_University of Nottingham, Nottingham NG7 2RD. (0103)A 





is reseacher will have experience in scan wing probe instrument _ 


1e postholder will be responsible for the extension of software 





JUNIOR AND SE wd JR 
POST-DOCTORAL 
FELLOWS 


The Hospital for Sick Children invites 
Junior and Senior Post-Doctoral Fellows 
(M.D. and/or Ph.D.) to join an expanding 
research program that studies the etiology 
and prevention of Type I Diabetes. You 
will work within a multidisciplinary team 
of molecular immunologists, cell 
biologists, epidemiologists and clinicians. 
Proven expertise in molecular and cellular — 
biology or relevant aspects of diabetes 
research is a definite asset. 

Please forward your curriculum vitae and 
arrange for two letters of reference to be 
sent to: Hans-Michael Dosch, M.D., 
Division of Immunology and Cancer, 
The Hospital for Sick Children, 

§55 University Avenue, Toronto, 
Ontario, Canada, M5G 1X8. 

In accordance with Canadian Immigration 
requirements, this advertisement is 
directed to Canadian citizens and 
permanent residents. INW8793)A 
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SITY OF THE WEST INDIES 
Mona, Jamaica 
THE JAMES SEIVRIGHT 
MOSS-SOLOMON (SNR.) CHAIR IN 
ENVIRONMENTAL MANAGEMENT 
The University of the West Indies (UWT), having recently established the : 


ALCAN Chair in Sustainable. Development is in the process ES 
establishing a Centre for Sustainable 







development. An early-task of the 
Centre will be to provide a co-ordin, co hg supporting role and assit 
in course development in the sustainable development programme, to 
promote consciousness in sustain evelopment in the University and 
incorporate environmental themes in the programmes of all relevant | | 
faculties and departments. Through the work of the Centre, the UWI — 
hopes to play its part in meeting the large emergent demand for | 
research and training in the technical, economic, management and |o 
institutional aspects of environmental management which remain very — 
inadequate for developing countries. z 
With an endowment from GRACE, KENNEDY & COMPANY. 
LIMITED, the University of the West Indies is now seeking to establish, ` 
within the Centre for Sustainable Development, the James Seivright 
Moss-Solomon (Snr.} Chair in Environmental Management. 
The James Seivright Moss-Solomon (Snr.) Professor would assist the 
Director of the Centre in developing and executing the Centres. 
programme of activities. He/she would pay special attention to: 
environmental protection in areas of particular interest to the Caribbean: 
- agriculture, industry, tourism, coastal zones, energy, forestry ane: 
water. 

Applications are invited from suitably qualified oe for the post. 
Professor of Environmental Management. Applicants should have. a 
advanced degree, preferably a PhD in Environmental Studies or in 
Natural or Social Science and a good record of scholarship in one of | 
relevant disciplines. Considerable involvement at a high level in som 
aspects of the work listed above would be a distinct advantage. 

Please send applications with the names and addresses of three referee 
to: The University Registrar, Attention: Assistant Registrar (Centre 
Office of Administration, The University of the West Indies, Mc 
Kingston 7, Jamaica. Further particulars of the post are availat 
the same source or from Appointments (41501), Associa 
Commonwealth Universities, 36 Gordon Square, London WOL 
UK, to whom candidates in the United Kingdom should also send 
copy of their application. | s 
Closing date for applications: 25 January 1993. -JWE 








































-Applications are invited from both women and men for this position: 
PROFESSOR IN THE DEPARTMENT 
OF BIOCHEMISTRY 
(Tenurable: Ref. 1650) 


> The University wishes to fill the established Chair of Biochemistry. The 
Department enjoys a strong reputation in teaching and research and seeks 
“appointment of a Head of Department with a distinguished record of 
-leadership together with a commitment to the continuing development of 
2 Pe rtment in the context of the Faculty of Science in the University of 
© Adelaide. 
“THE DEPARTMENT AND TEACHING: The Department is one of ten in 
the Faculty of Science and houses approximately 100 people presently 
_ comprising 7 tenured/tenurable full time academic staff, 3 limited term 
| Lecturers A, 20 postdoctoral fellows, 15 research officers, 30 graduate 
© students and several support staff in the technical and office areas. 
: Biochemistry is taught to undergraduates in the 2nd and 3rd years of the 
BSc degree with an emphasis in the 3rd year on molecular biology concepts 
_in gene function and the practice at recombinant DNA techniques. 
_ Advanced level teaching by seminars, propositions and research projects is 
“the basis of the course for the Honours degree. Biochemistry, with a clinical 
orientation, is taught in the second year to students in the Faculties of 
1. Medicine and Dentistry. 
|). RESEARCH: The Department has a strong research base in molecular 
| studies of gene expression. Currently seven research groups lead 
| postgraduate and postdoctoral research on eukaryotic and prokaryotic 
| systems covering gene control in embryonic development, cellular 
| differentiation, the regulation of cell proliferation in Drosophila, ES cell 
| technology, the application of gene design principles to transgenic animals, 
< molecular biological approaches to elucidating protein structure/function 
c- relations and phage replication and transcription. The Department has 
= attracted substantial external research grants from both Government and 
- Industrial sources, participates in a Co-operative Research Centre for 
12 Tissue Growth and Repair, and is also involved with the Adelaide-based 
c biotechnical company, Bresatec, in projects including the production of 
improved livestock. 
« FUTURE DEVELOPMENTS: Whilst wishing to continue a thematic model 
cn centred on gene expression, applications from individuals who would bring 
~ new but broadly complementary expertise to existing research would be 
| particularly welcomed. 
¿e INFORMATION about the general conditions of appointment and 
selection criteria may be obtained from the Director, Personnel Services at 
the University; or from Appointments (41317), Association of 
Commonwealth Universities, 36 Gorden Square, London WC1H OPF. 
Further information concerning the duties of the position may be obtained 
from Dr J B Egan, Head of the Department of Biochemistry (tel: (61 8) 228 
5338). 
Salary per annum: A$77,900. | 
APPLICATIONS IN DUPLICATE, quoting reference number 1650 and 
giving full personal particulars (including whether candidates hold. 
Australian permanent residency status), details of academic qualifications 
and names and addresses of three referees should reach the Director, 
Personnel Services, University of Adelaide, GPO Box 498, Adelaide, South 
Australia 5001, Telex UNIVAD AA 89141, Facsimile (61 8) 223 4820 no 
¿dater than 12 February 1993. | a4 i 
_ Phe University reserves the right to make enquiries of any person 















regarding any candidate's suitability for appointment, not to make an xi 


appointment or to appoint by invitation. 
THE UNIVERSITY OF ADELAIDE IS AN EQUAL OPPORTUNITY EMPLOYER 


POSTDOCTORAL TRAINING 
POSITIONS 

INSECT MOLECULAR BIOLOGY 
o postdoctoral positions are available: one for studies on the 
development of methods for biological control of insect pests using - 
recombinant baculoviruses. and transgenic insects (Virology 190, 
§-823, 1992): and one for studies on the characterization of | 
ranscription factors regulating silkmoth chorion gene expression 
Mol. Cell. Biol. 11, 1954-1964, 1991; Dev. Biol. 150. 12-22, 1992). 
Candidates should have substantial experience with recombinant 
NA: methodologies but no more than two years of previous 
Ostdoctoral training. Annual starting stipends: $22,000-27,000 f 
-CDN depending on qualifications. Please submit a curriculum vitae 
and letter summarizing background and research interests, and 
-arrange for three letters of reference to be sent directly to: Dr. K: 
- Latrou, Department of Medical Biochemistry, The University of 
‘Calgary, 3330 Hospital Drive N.W., Calgary, Alberta, Canada 
ONANI. (NW8788)A 

























| Australia 


| referees, should be sent to: Pr. C. Gaillardin, Laboratoire de Génétique 


2 
D 
= 


| degree, with at least two years of relevant postdoctoral training and 


clinical co-ordinator. A broad range of basic and clinical research is 





Pharmacology 
This will be the fifth in a series of appointments being made 
to expand and strengthen pharmacology at Bristol. The 
person appointed will have responsibility for teaching 


pharmacology to veterinary students but will also 
participate in science teaching. 





Candidates should hold a Ph.D. degree, or the equivalent, 
and have an outstanding record in research in any area of 
pharmacology. A veterinary qualification, although 
desirable, would not be essential. The current research 


particular emphasis on excitatory amino acids, G-protein 
coupled receptors, pain relief, drug dependence and calcium 
channel pharmacology. Collaborative links already exist 
with clinical veterinary departments. 

Salary will be on the Lecturer Grade A Sala ry Scale £13,400 - 
£18,576 p.a. 

Informal enquiries can be made to Professor G Henderson 
om (0272) 303505, or fax on (0272) 253823. 

Fer further details telephone Bristol (0272) 256450 
(ansaphone after 5pm) or write to the Personnel Office (EO), 
University of Bristol, Senate House, Bristol BSS ITH, quoting 
reference B97. 





Closing date for applications is 31st January 1993. 
UNIVERSITY OF BRISTOL 


ÁN EQUAL OPPORTUNITIES EMPLOYER 





(009A 





PERMANENT RESEARCH POSITION 
Yeast molecular biology / Genome structure 


Applications for a permanent position as Research Scientist {(CR1} at the 
| Institut National de la Recherche Agronomique (INRA) are invited to join the 
— recently established Collection of Biotechnological Yeasts. We are seeking a 
group leader, who would both supervise the Collection team (strain 
preservation, molecular taxonomy) and start research projects linked to it, 
centered on genome structure and stability. The Collection is located near 
Paris, and forms part of the Molecular and Cellular Department (yeast and 
bacterial molecular biology). Applicants should have several years of 
postdoctoral experience and a strong record in yeast/fungal molecular 
biology. Experience in yeast taxonomy, although advantageous, is not 
essential. The successful candidate will, however, be expected to express a 
genuine interest in non-conventional yeasts. Initial salary range 150,000 FF pa. . | 
Applications, including a full curriculum vitae and the names of two § 




























Moléculaire et Cellulaire INRA-CNRS, institut National Agronomique 
Paris-Grignon, F-78850 Thiverval-Grignon, France; Fax: 331.30.81.54.57 
„falso for further information). (WO424)A 











MOLECULAR GENETICIST 


| The Division of Human Genetics, University of Maryland at Baltimore, 
| seeks a full-time, tenure-track investigator who is applying molecular 
| approaches to developmental/neurobiological problems in mammalian or 
other eukaryotic systems. The successful candidate will be expected to 
participate in an interactive research environment and contribute to the 
training of medical, graduate and professional students. A Ph.D. or M.D. 









į experience, is required. The ability to obtain independent funding within a 

| reasonable period is essential. This position is available July 1, 1993. 
The Division of Human Genetics consists of 11 full-time faculty | 

members (8 Ph.D., 2 M.D., and an M.D./Ph.D), § genetic associates and a 








represented. The Division offers a Ph.D. degree in Human Genetics and its 
training program is fully accredited in all subspecialty areas by the 
American Board of Medical Genetics. Research interests include molecular 
cytogenetics, genome organization and regulation, and gene mapping of 
inherited disorders. ae oe . 

Salary is commensurate with qualifications and experience. Candidates $. 
should submit 4 current curriculum vitae, selected reprints, a detailed f 
statement of past experience, a description of future research plans, and |. 
the names of three references to; Maimon M. Cohen, Ph.D.; Director, f 
Division of Human Genetics; 655 W. Baltimore Street, Room 11-037; 
Baltimore, MD 21201. The University of Maryland is an Equa 
Opportunity Affirmative Action Employer. _ NWR? 





















CHAIR OF COMPUTER 


School of Electrical Engineering and 
‘»mputer Science 


The Queen's University of Belfast intends to proceed to an 
appointment to the recently-established Chair of Computer 
Engineering in the School of Electrical Engineering and Computer 
Science. Applications are invited from suitably qualified candidates 
holding an Honours Degree or equivalent, with interests within the 
wide spectrum of Computing who could contribute to the work of the 
School. The person appointed will be expected to provide the 
academic leadership required for the further development of 
computing and in particular provide a link between computer science 
and electrical engineering. The remit includes the teaching of the new 
joint degree involving Computing and Electrical Engineering and the 
recently-introduced B.Eng degree in Computer Science, and to foster 
interdisciplinary research within the School of Electrical Engineering 
and Computer Science and with other Schools and Departments in 
the University. 

Salary is within the Professorial range and in addition there is an 
attractive package to assist the Chair holder with relocation and 
resettiement expenses. 


The University is committed to selection on merit, but as there is an 
under-representation of women in academic posts, applications from 
women are particularly welcome. 


Further particulars (please quote ref. 93/N) may be obtained from the 
Personnel Office, The Queen's University of Belfast, Northern 
ireland, BT7 1NN (telephone (0232) 245133 ext 3044/5044 or FAX 
(0232) 324944). 

Closing date: 19 February 1993. 


informal enquiries of an academic nature may be directed to the 
Director of the School of Electrical Engineering and Computer 


Science, telephone (0232) 245133, ext 4050. (O129)A 








$ 

The University is an Equal Opportunity employer and < F 
welcomes applications trom all sections of the community ` 

The University may decide to interview only those 
applicants who appear, trom the information avaitabie, 
to be the most suitable in terms of experience, 
qualifications and other 
requirements of the post 
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HARVARD MEDICAL SCHOOL 
DEPARTMENT OF NEUROBIOLOGY 


The Harvard Medical School Department of Neurobiology is 
seeking a 


PROFESSOR 


whose primary research interest is in the area of higher brain 
function. She/he must be an excellent teacher, able to participate in 
medical school and graduate level courses in CNS biology. 
Candidates must be experienced research mentors with excellent 
record of training M.D. and Ph.D. candidates and postdoctoral 
fellows. 

Harvard University is committed to increasing the number of 
minorities and women among is faculty so we particularly 
encourage applications from such candidates. Interested 
individuals should send a curriculum vitae to Professor Gerald D. 
Fischbach, Senior Faculty Search Committee, Department of 
Neurobiology, Harvard Medical School, 220 Longwood Avenue, 
Boston, MA 02115. 

Harvard Medical School is an Affirmative Action/Equal Opportunity 
Employer. (NW8803)A 








Project Leader 


Organochlorine Degradation 


The New Zealand Pastoral Agriculture Research Institute 
Ltd (AgResearch) is one of 10 new Crown Research Institutes. 
AgResearch is a contract research and technology company 
with a staff of 1050 with particular expertise in agricultural 
production. AgResearch is located at Lincoln, close to the 
University and approximately 20 minutes drive from 
Christchurch in the South Island. 

AgResearch has a vacancy for a scientist to investigate 
the degradation of organochlorine residues in New Zealand 
soils. Ourorganisation has a significant research programme 
involving monitoring and management of organochlorine 
residues in soil. This programme is to be expanded to obtain 
an understanding of the processes involved, both physical 
and biotic in the degradation of chemical residues with the 
ultimate aim of evaluating means of enhancing their degra- 
dation. The successful applicant will be expected to take 
responsibility for all aspects of the work and collaborate with 
a number of other agencies on this programme, A proven 
research record and the ability to liaise with researchers in a 
number of other agencies is desirable. 

We are seeking a person with a post graduate degree in 
an appropriate discipline: biochemistry/microbiology with an 
understanding of soil microbial ecology. Experience in appro- 
priate analytical techniques e.g. Capillary GC, radioactive 
tracers is required together with a proven track record as a 
team or project leader. 

Please apply in writing enclosing a CV and the names of 
two referees by 12 February 1993 to: 






























Mrs Elaine Chapman 
Manager Personnel and Administration 
AgResearch 
P.O. Box 60, Lincoln 
New Zealand 
Phone (64) 3 325-3011 
Fax (64) 3 325-2946. 


AgResearch is an Equal Opportunity Employer 


AgResearch 


New Zealand Pastoral Agriculture Research Institute Ltd 
(W0427)A 
















CENTRAL EUROPEAN UNIVERSITY 
DEPARTMENT OF ENVIRONMENTAL 
SCIENCE AND POLICY 


Three Teaching Assistants are sought for the Environmental! 
Summer programme which will run from 1 July to 20 August 1993. 
The Programme brings together some 60 students from all parts of 
Central and Eastern Europe and the former Soviet Union. The 
course involves lectures and seminars on major issues of 
environmental science and policy, and particular emphasis is 
placed on techniques such as Systems Analysis, GIS, and similar 
computer-assisted methods. 


Assistants are required to help with the day-to-day running of the 
course, particularly on short, 2-3 day field trips, the chairing of 
discussion groups, and assistance with the acquisition of computer 
skills. 


The language of instruction is English. Teaching Assistants should 
have a first degree in appropriate fields such as biology, chemistry, 
engineering or economics, and some relevant research experience 


Teaching Assistants will be required at least a week and up to 4 
month before the beginning of the course. Travel to and from 
Budapest and free board and lodging will be provided, with an 
Honorarium of 2,000 USD for the course. Applicants should write 
with a curriculum vitae, and naming one academic referee, by 1 
March 1993 to: Dr. Zoltan Szocs, Department of Environmental 
Science and Policy, CEU, Huvosvolgyi ut 54, Budapest 1021, 
Hungary. Tel. (36-1) 176-3360; Fax (36-1) 176-3574 1093/4 





| biology, 310 Cedar Street, P.O. Box 3333, New Haven, CT 


PLANT BIOCHEMISTRY AND 

B MOLECULAR BIOLOGY 

4 Two Postdoctoral Research positions, each for 3 years, are available as soon 

| as possible (and no later than ist March 1993} to work in Professor C. J. 
Leaver's laboratory. One is funded by the ODA andis to work on the Molecu- 

| lar and Biochemical Basis of Cytoplasmic Male Sterility in Sorghum. The 

| other is funded by the AFRC and is concerned with the Metabolic Regula- 

{ thon of Mitochondrial Biogenesis during Plant Development. ineachcase | 
experience in the areas of plant biochemistry, mitochoncrial metabolism and | 


plant molecular biology would be an advantage. Salaries will be on the RAIA 


| scale. | 
SOIL SCIENCE 
3-year ODA-funded project, in collaboration with IRRI and NRI, to 
work in Dr P R Darrah’s lab, investiging the Temporal and Spatial | 
Dynamics of Methane Production, Consumption and Release | 
| from Flooded Rice Soils. The work at Oxford will involve the use | 
| of experiemntal microcosms to generate data suitable for compil- | 
4 ing mathematical models of the processes. Salary will be on RAIB | 
| scale and the successful applicant will be expected to have a tst | 
| or 2:1 class honours degree in soil science, microbiology or a re- | 
| lated discipline, and to register for a higher degree. | 
| For further details please contact the grant holder 
| as listed above at the Department of Plant Sciences, | 
| South Parks Road, Oxford, OX1 3RB. Ap lications 
1 (clearly indicating for which project and including a 
t cv and names and addresses of two referees) 
should be sent to the Administrator at the above 
address. Closing date for applications: 31/1/93. | 
(0127A 


The University is an Equal Opportunity Employer 





YALE UNIVERSITY SCHOOL OF MEDICINE 
POSTDOCTORAL POSITIONS IN 
IMMUNOBIOLOGY 


The section of Immunobiology headed by R.A. Flavell includes | 
A, Bothwell, K. Bottomly, P. Cresswell, LN. Crispe, A. Hayday, 
C.A. Janeway, Jr. P. Kavathas, J.S. Pober, N. Ruddle, D. Scaatz, and 
R. Tigelaar. Postdoctoral positions in antigen processing, T and B 
cell development and gene regulation recognition, activation, 
function, cytokines, site-specific recombination, and disease 
related research in autoimmunity, Lyme disease, and AIDS are 
available. Please send curriculum vitae, statement of interest and 
three letters of reference to: 


Terrill Moorehouse, Administrator, Section of Immuno- 















-| 06510. 
| Yale University is an equal opportunity employer. 
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s UNIVERSITY OF ABERDEEN. 

- {| RESEARCH ASSISTANT/RESEARCH FELLOW | 

of Molecular and Immuno-Parasitology 
£12,638 — £17,122 per annum 






















position to join a project studying the induction of immunosuppression by 
trypanosomes in their mammalian hosts. We are particularly interested in 
the mechanism of parasite induced macrophage activation, the activity of | 
Airc oxide in immunosuppression and parasite killing, and the molecular fi 
mechanisms employed by trypanosomes to evade microbicidal responses. 
Experience in biochemistry, cell biology or infection immunology would be 
-aradvantage, although no previous experience in parasitology is necessary. 
The post is tenable immediately for three years. 

Salary placement will be according to age and experience and includes a 
‘Wellcome Trust Enhancement. 

‘nformail enquiries should be directed to Dr Jeremy Sternberg (telephone 
0224 272272, Fax No 272396). 

| Application forms are available from Personnel Services, University 
1 of Aberdeen, Regent Walk, Aberdeen AB9 1FX, telephone 0224 
| 272727 quoting reference number ZZ0067R. A 24 hour answering 
| service is in operation. Closing date: 21st January, 1993. 

An Equal Opportunities Employer. 






















{0126A 






























; _ Required for the Department of Zoology for a Wellcome Trust funded | | | 





PUBLIC HEALTH LABOR R 


BOARD 
CENTRAL PUBLIC HEALTH LABORATORY 
RESPIRATORY AND SYSTEMIC INFECTION LABORATORY 


CLINICAL SCIENTIST 


Grade B (14-16) 





Applications are invited from experienced graduate 
microbiologists to work in the Mycoplasma and Chlamydia Unit of 
the Respiratory and Systemic Infection Laboratory. 

The postholder will be expected to play a major role in the 
day-to-day running of the diagnostic and reference service for 
respiratory chlamydias, to develop and evaluate novel diagnostic 
and typing methods and to contribute to scientific research into 
respiratory chlamydias relevant to public health. 

Candidates should possess a first or second class honours degree 
and an appropriate background. 

Practical experience of cultural and serological diagnosis of 
chlamydial infection and molecular genetic techniques would be an 
| advantage. 

This is a newly created, permanent post. 

Salary: £20,656 to £22,247 inclusive of London Weighting 
(dependent on experience and qualifications). | 
For further information, please contact: Dr DG Pitcher on 081-200 © 
4400 ext. 3776. 

For an application form and job description please apply in 
writing to the Personnel Department, Central Public Health 
Laboratory, 61 Colindale Avenue, London NW9 5HT. 

Please quote ref: RSIL/1. 

Closing date: 22nd January, 1993. 

An Equal Qpportunities Employer, (01061A 






UNIVERSITY OF CAMBRIDGE 
University Clinical Anatomist in the 
Department of Anatomy 


University Clinical Anatomist to take up appointment on 1 
October 1993 or as soon as possible thereafter. The office is 
based in the Department of Anatomy and involves 
collaboration with Departments in the Clinical School. It offers 
exciting hew avenues for the teaching of anatomy to 
pre-clinical students, and for the development of 
interdisciplinary research, linking laboratory and clinical 
approaches. The person appointed will have a major 
responsibility in establishing new methods in teaching 
anatomy, aided by the academic staff, the Prosector and . 
technical staff. The person appointed will also engage inhuman: , 
anatomy teaching, drawing on the expertise of both the” 
academic staff in the Department of Anatomy and in the 
relevant Departments in the Clinical School. This office will be 
attractive to those with some clinical and/or research 
experience in anatomy and related techniques. The 
appointment will be initially for three years, with the possibility 
of reappointment to the retiring age. 

Salary: University Clinical Anatormist: £29,348. 

Further information and application forms from: The 
Secretary (Mr RG. Fishwick}), Appointments Committee, 
19 Trumpington Street, Cambridge CB2 10A. Tel: 0223 
334998. Fax: 0223 332355. 

Closing date: 11 February 1993. 

The University follows an equal opportunities policy and has 
a policy on arrangements for part-time work. 0095)A 
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ani, CANBERRA 
ANS? AUSTRALIAN CAPITAL 
ae TERRITORY 


VICE-CHANCELLOR 
The Vice-Chancellorship of The Australian National University 
become vacant when the resignation of the current Vice- 
ancellor, Professor L W Nichol takes effect from 31 December 
93. The Vice-Chancellor is the Chief Executive Officer of the 
niversity. 





e Chancellor, Sir Geoffrey Yeend, invites enquiries from women 
men with appropriate experience and qualifications interested 
ing considered for appointment, or from those who wish to 
geest suitably qualified persons who might be approached. 
itable candidates will have a distinguished scholarly record, 
tience in university administration at a high level and 
` demonstrated capacity for creative scholarly and administrative 












AN suggestions and enquiries will be treated in confidence. 
Correspondence should be addressed to the Chancellor, The 
Australian National University, GPO Box 2599, Canberra ACT, 
`- 2601 Australia. 


Further information about the position is available from the 
Registrar, Mr R H Arthur (tel. (61 6) 2495598). Applications should < 
_ be lodged by 1 March 1993. - 
= 


| ‘THE UNIVERSITY IS AN EQUAL OPPORTUNITY EMPLOYER 


THE UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF PHARMACOLOGY 
- 3 YEAR POSTDOCTORAL RESEARCH FELLOW 


-To investigate the molecular and pharmacological characteristics of 
-the central angiotensin system. The project will involve quantitative 
receptor autoradiography, radioligand binding, immunohisto- 
chemistry, in-situ hybridisation and assessment of in vitro and in vivo | 
: neurotransmitter release. 

< Maximum starting salary £17,122. 

-Informal enquiries to Dr Nicholas Barnes on 021 414-4499, 
Application forms (returnable by 28th January 1993) and further 
| particulars available from the Director of Staffing Services, The | 
į University of Birmingham, Edgbaston, Birmingham B15 2TT. 
1 Telephone 021 414-6483 (24 hours). Please quote reference © 
I M1241 4/92A. 

es Working towards equal opportunities. (O118)A 

































SSISTANT/ASSOCIATE PROFESSOR 
s. Molecular Biology/Immunology 
.- Department of Obstetrics, Gynecology and 

i Reproductive Sciences 

liversity of Pittsburgh School of Medicine 
Department of Obstetrics, Gynecology and Reproductive Medicine 
eking a molecular biologist/immunoloagist for a faculty position in 
Division of Reproductive Infectious Disease and Immunology. 
indidates must have Ph.D. or M.D., molecular and cellular research 
ertise, and demonstrated scholarly accomplishment. Duties include 
development of a successful research program in the area of | 
cular pathogenesis and/or immunology of reproductive tract 
ctions. The position provides a support package and protected 
arch time. Salary is dependent upon rank and experience. 
pplications with C.V. should be sent to: Richard L, Sweet, M.D., Chair, 
Department of Obstetrics, Gyneocology and Reproductive 
mces, University of Pittsburgh School of Medicine, 
artment OB/GYN, Magee-Womens Hospital, 300 Haiket 
et, Pittsburgh, Pennsylvania 15213. 
niversity of Pittsburgh is an Equal Opportunity/Aftirmative Action 
r. Women and minorities are encouraged to apply. (NW8801)A 































































Experimental Therapy i 


The Deutsche Krebsforschungszentrum (Germa 
Cancer Research Center) will appoint a scientist join 
with the Faculty for Theoretical Medicine att 
University of Heidelberg. The successful applicant w 
be head of a research divisi 

Applicants should have an outstanding scientific 
record in the field of development and/or applica 
of anti-cancer drugs or biological response modifiers 
We anticipate that the successful applicant is able to 
develop new concepts in cancer therapy with the 
groups in this Center and in close collaboration with 
the surrounding hospitals. 

Applicants should submit their curriculum vitae - 
together with a list of publications and references by 
March 15, 1993 to: 

Prof. Dr. H. zur Hausen, | 

im Neuenheimer Feild 280, 

D-6900 Heidelberg, | 

(W0423)A Germany. 





THE UNIVERSITY OF MELBOURNE _ 
Australia 

CHAIR OF PHYSIOLOGY 
Applications are invited for appointment to this Chair which — 
became vacant at the end of 1992 following the transfer of 
Professor John Furness to become Professor and Head of the - 
Department of Anatomy and Cell Biology. a 
The new professor will be expected to provide leadership m 
teaching and research in a branch of biological or medi 
science relevant to the broad feld of physiology. o 
Salary: A$77,900 per annum to which is added. 
superannuable pre-clinical loading salary differential 
A$6,751 per annum for a medically qualified appointee. 
Further information about the position, including details ol 
the structure and academic functions of the Departme: 
application procedure, superannuation, travel and remo’ 
expenses, housing assistance and conditions of appoimtme 
available from Appointments (41277A), Associatio 
Commonwealth Universities, 36 Gordon Square, Lon 
WCIH OPF, UK; or from the Registrar. All correspor 
(marked “Personal and Confidential”) should be addre: 
the Registrar, The University of Melbourne, Par 
Victoria 3052, Australia, tel. (61 3) 344 5003 (Mr T O'Nei 
fax (61 3) 344 6897. | 
The Council reserves to itself the right to make 
appointment or to fill the Chair by invitation at any stag 
Applications close on 26 March 1993. i 
AN EQUAL OPPORTUNITY EMPLOYER v5 








UNIVERSITY OF OXFORD 


SERC POSTDOCTORAL RESEARCH 
ASSISTANT GRADE 1A 
| Ref: BR/403 

Applications are invited for an SERC-supported 
postdoctoral position to work in the laboratory of Dr. S.J. 
Ferguson on the biosynthesis of bacterial, periplasmic | 
type cytochromes. This is a multi-disciplinary project 
soncerning several central aspects of membrane 
iochemistry and electron transport. Experience with the | 
echniques of molecular biology would be advantageous | 
ithough not essential. | 
rhe post is available immediately for up to three years but || 
May be held open for a suitable candidate available in the | 
latter part of 1993. | 
Enquiries may be made to Dr. S.J. Ferguson (0865 275240). | 
| Salary will be on the scale £12,638-£20,140. 
| Applications, including a detailed c.v. and the names and | 
| addresses of two referees should be sent to: | 
|| The Deputy Administrator, by 29th January, 1993. 

T An Equal Opportunity Employer. {(0115)A 


DEPT OF BIOCHEMISTRY, SOUTH PARKS ROAD, OXFORD OXI 3QU 


















































Postdoctoral Position 
in Gene Therapy 

| University of Connecticut Health Center 

_| Position available for project aimed at selected delivery of fibrillin 
cF specific ribozymes to smooth muscle cells. Techniques to be used | 
include RNA detection, immunoblotting, transfection, and the 
| construction of receptor mediated delivery systems. Research 
“| experience in molecular biology is desirable. 

| interested applicants should send a brief description of research 
“| experience, cv, and names/addresses of three references to: Petros 
| Tsipouras, M.D. Department of Pediatrics, University of 
| Connecticut Health Center, Farmington, CT 06030. Tel (203) 
_| 679-4691, Fax. (203) 679-1251. INW8808)A 


















- RESEARCH IN THEORETICAL 
ASTRONOMY, ASTRONOMY UNIT 
> We have vacancies for Postdoctoral Research Assistants to 
|. work on Theoretical Astronomy from 1 October 1993. 
~~ You should have a PhD in Astronomy or a related field and 
< be able to formulate an independent research programme. 
- The Unit is active in solar system studies and dynamics, solar 
< and stellar physics, space plasmas, astrophysical fluid 
dynamics, i ba dynamics, infra-red astronomy, relative 
astrophysics, and cosmology, with both theoretical and 





















oosts are available for iwo years in the first instance, with | 








sak ale the range of £14,772 - £22,274 po inclusive 
depending on age and experience. 







JIVERSITY OF ` Personnel 


ONDON 






UNIVERSITY OF LIVERPOOL 
NESS BOTANIC GARDENS 
Postdoctoral Senior Research 


Assistant/Research Associate 


Initial salary on the scale £ 12,638-£20,140pa | 
Tenable from 1 April 1993, for a period of three years. A 
This M.A.FF. funded project will entail field experiments _ 
investigating methods for controlling bracken: and othe = 















re-establishment of upland grass and moorland vegetation. — 
The post is joint between the Institute of Terrestrial Ecology, ` 
Monks Wood (Dr. R. Pakeman) and the University (Professor 
RH Marrs and Dr PD Putwain). The post will be based at the 
University of Liverpool Environmental and Horticultural 


Research Station. 


Applicants should have a keen interest in vegetation 
management and restoration ecology, particularly in the 
appiied aspects of vegetation management; experience in 


field ecology and experimentation essential. Applicants 
should have a Ph.D. in a relevant subject and hold a driving © 


licence. 


Informal enquiries to either Professor Marrs (051-336 7769) or 


Dr Pakeman (04873 381). 


Applications, by c.v. with the names of three referees, 
should be received not later than 21 January 1993, by The 
Director of Staffing Services (AS), The University, P.O. Box 
147, Liverpool L69 3BX, from whom further particulars 


may be obtained. 
Quote ref. RV/512/N. 


(097A 


An Equal Opportunity Employer 


NON-FOOD 
BIOTECHNOLOGY 


RESEARCH LEADER 


AALBORG UNIVERSITY, 
DENMARK 


| The Faculty for Science and Tech- 
| nology at Aalborg University has 
| decided to increase activities within 
| the biotechnology research and aca- 


demic curricula, Non-food for in- 
dustrial production will be a par- 


| ticular area of interest, 


A well-qualified academic is 


| wanted to conduct and organize re- 


search in non-food biotechnology. 
Starch and lignocellulosis from vari- 


ous agricultural crops may be typi- 


cal of the biomass to be studied the- 
oretically and experimentally, em- 


| phasizing eg. functional character- 


istics and chemical or enzymatic 
modifications of starch and fibres. 

The overall goal is to generate 
fundamental research of high 


| quality and industrial relevance 


within a 3-6 year perspective. Along 
with the research, a post-graduate 
and Ph.D. education programme is 
planned, e.g. having a production 
rate of 12 M.Sc.E’s and 2 Ph.D.’s 
per year in a steady state situation. 
Conservation of resources and envi- 
ronmental protection should be im- 
portant aspects of the overall 


strategy for both research and edu- 


cation. : 


een neeeeee meena rnin ee ee 


(2400 m2) Process-laboratary to be 
ready in 1994 and shared with the 
existing environmental engineering 
research group within the Civil En- 
gineering Department. Close co- 
operation with other departments, 
e.g. Industrial Production and Elec- 
tronic Systems, is envisaged, as is 
collaboration with other external 
institutions and research oriented 
industry. LA 

The non-food biotechnologs 
group should start work as soan as 
possible. The regular start of the 
M.Sc. curriculum will be September 
1994, but a pilot group of 6 students 
is planned to start in September 
1993, a 

if you find non-food biotechnal- 
ogy an interesting new field of work 
and yourself qualified either at the 
full professor or the associate pro- 
fessor (senior lecturer) level, please 
apply by describing your interest 
and sending your C.V. k Say 

Applications should be directed 
to: Biotechnology Interim Commit- 
tee, Aalborg University, Langager- 
vej 2, 9220 Aalborg Ø. ee 

Deadline: 15th February, 1993 

Informal requests can bem 
directly to Professor Jen 
Hansen. Environmental: E 














Non-food research and teaching 99142555 





activities will take place ina new Anes ee 



















AR’ ‘MENT O OF ENVIRONMENTAL 
os ` SCIENCE AND POLICY 
jil tions are invited for faculty positions in the above 
partment which is responsible for a 1-year graduate 
ogramme and a research network in environmental sciences 
and policy in Central and Eastern Europe, the former Soviet 
Union. and the West. Candidates should have a doctorate or 
. se eral. years of appropriate research or relevant experience, 
with basic qualifications in one of the following fields: 
nomics, chemistry, engineering, geography, biology; 
- experience in relevant techniques such as Environmental! 
_ Impact Assessement, Systems Analysis etc, will be an 
_ advantage. 
_. The language of instruction is English, and good written and 
= spoken command of the language is an essential. Appointments 
-willbe made for two years, and itis expected that they will be, in 
“most cases, full-time appointments, but part-time 
-appointments will be considered. It is expected that those 
appointed will reside in Budapest during their term of 
ey aO 
“Th |! European University is an equal opportunity 
mployer. Applications, with curriculum vitae and the names of 
three academic referees should be sent by 1 March 1993 to: Dr. 
- Zoltan Szocs, Department of Environmental Science 
and Policy, CEU, Huvosvolgyi ut 54, Budapest 1021, 
| Hungary. Tel.(36-1)1 76-3360; ee ee 















DEPARTMENT C NT OF MOLE 


We are seeking candidates to fill a tenure mack faë 

with a young scientist. Candidates with stron 
backgrounds in any of the following areas are invited to 

basic or applied aspects of Microbiology, Biotechni 
Molecular Biology and Genetics. In addition to ac 
participation in both the undergraduate and graduate 
teaching programs, the candidate will be expected to initiate 
and direct an independent and innovative research progra 


Applications should contain a curriculum vitae, list 
publications, short description of the applicant's rese 
plans and the names and addresses of three scientists w 
can provide letters of recommendation. Please seni 
applications along with phone and fax numbers and e-mail. 
address (if available) to: 


Prof. Amihay Freeman, Chairman, Department of a 


| Molecular Microbiology and Biotechnology, Tel Aviv. ij 


University, Ramat Aviv 69978, israel, Fax: i 
++972-3-6409407. (WO440A. 





Laminarea wre eee Nn AE ENTE Rinse i aa aa rs mcs inmate AGS 


POSITIONS WANTED 




















NATURE “PC 


reaches the world’s best scientists. 


recruiting now. 


FOLLOW THESE THREE EASY STEPS 


PLEASE TICK APPROPRIATE BOX 


Macmillan Magazines Ltd 


to Simon Walker, Nature Classified, 
4 Little Essex St, London WC2R ale UK 


mat FE “POSITIONS WANTED” ORDER FORM 


atthe discretion of the publisher. 





~ LOOKING FOR A NEW JO 
OSITIONS WANTED” CAN HELP YOU 


The top scientific organisations use this classified section to advertise their jobs because they know Nature 





C] | enclose my cheque for £45 sterling made payable to 


Ca stedewreeveaware rere sree ese rset aeraereeran eet UKE TEA sEeNGt tHE sea acaneeerasaerrcive 


i DAYTIME TELEPHONE NO......... E AEI TT 
3 Cut out and send this order form e with your cheque 


_ NB: Costs are inclusive of VAT. No position wanted adverts will 
be processed without accompanying cheque. Insertion dates are 


. B? 





So a “positions wanted” ad in Nature will be seen by senior scientists worldwide, many of them actively 


. USE NATURES “POSITIONS WANTED” COLUMN TO MAXIMISE YOUR CHANCES OF FINDING A NEW 
`- JOB, AT ONLY £45, WITH A SECOND INSERTION FREE OF CHARGE! 


Fill in this copy form with what you want to appear in the advert. This will include your experience, qualifications, and 
type of work you require, as well as where peaple can respond to your advert. This can be your horne address, or for 
reasons of confidentiality, Neture can provide you with a box moa | 
lines max. If you want a vice on your advert iee none Simon Walker on 071 872 0102. 





r for an extra £3.00. There are 5 words: per 


Thisis | seeks ruiker new cc 
an example | research post. Wide — | 
of how your | eXperience, especially inm | 
advert | protein chemistry. S k 
uld look: | three languages. Pr tly f 
wee eens working | in Scandinavia 
| but wil ingt a oiaoMe 
| Box Number 






a | require a box number for my advert and enclose 
my Hene for £48 sterling made payable to 
Macmillan Magazines Ltd. 


i ee a eaa 


C pwo AGVERTS FOR 


THE PRICE OF ONE 















Institute in invites | applicatiéns': for “ister institute esearch Fellowships, 
hich. up to five will be available from about October 1993. Non-clinical 
ships will each be tenable for five years. Fellows actively pursuing 

j training will be offered six year fellowships and, in addition, will be 
wed unpaid leave, if required during the fell lcwship, to enable them to 
employed as Senior Registrars by a Regional or District Health 
thority, An extension would be considered in appropriate 
sircumstances, subject to satisfactory review. Candidates must be 
_ post-doctoral in the bio-medical field and aged under 34 years, with 
evidence of independent research, including at least two years’ 
| post-doctoral research, and with an interest in a scientific aspect of 
- preventive medicine. A permanent post temporarily vacated by the Fellow 


of must be protected by his/her employing institution which will be expected 
=p tO appoint a temporary replacement during the period of the fellowship. 
Mae The salary, payable by the employing institution and reimbursed by the 
_ | Institute, will normally be on University clinical or non-clinical scales, with 


ce London Weighting if appropriate, plus USS and NJ. contributions. A 
-generous allowance for consumables and minor equipment is also 

able. 

Applications will not be entertained from persons permanently employed 

‘Research Councils, nor from employees or prospective employees of 

edical research charities. 


FF exceptional circumstances, as for example where there have been 


+ Gareer breaks on family or other grounds, the Institute would consider 
<e @lecting a Fellow aged up to 40 years. Personal details supporting the 
| .-¢laim of such a candidate must be provided in writing. The institute will 

oe then give a decision as to whether or not the candidate may proceed to 


-Submit a full application for a Fellowship. 

Application forms and further particulars may be abtained from: 
_ The Secretary, Ref: N2, | 

The Lister Institute of Preventive Medicine, 

Brockley Hill, 

Stanmore, 

Middlesex HA7 4JD 


to whom completed forms must be returned not later than 22 January, 1993. 
(OTI4}E 


NATIONAL INSTITUTE OF ALLERGY 
AND INFECTIOUS DISEASES 
NATIONAL INSTITUTES OF HEALTH 


Post-Doctoral Fellowship 
Molecular Biology of HIV 


The Laboratory of Immunoregulation, has avail- 


able an intramural postdoctoral research fellow- | 


| ship to study the molecular biology of HIV. The 


_| main emphasis will be on cellular factors involved | 


q in the Rev axis of HIV autoregulation. Additional 
interests will include determinants of tropism, intra- 


cellular molecular. interactions between HIV and | 


macrophages and other related areas. 


Candidates must baye and M.D. or Ph.D. A strong | 


backg kgr ound. in E mole 


IV Loan Repayment Program. 


Laboratory of Immi oregulation 

National Institute of Allergy and sh INS) 
Infectious Diseases i 

National Institutes of Health. 

Bidg. 10, Room 6A08 

9000 Rockville Pike | 
Bethesda, MD 20892 


NIH is an Equal Opportunity Employer 


SRA n anI mihaelnraphistaicabane sa piodesrabaruvenrininel 


> NWRBOBIE 





) biology and/or protein 

chemistry is preferred. Meets requirements for NIH | 
The position will | 
e avaiable i sou eam 1798. “Please forward curicu- 


FELLOWSHIP" 


Applicants are invited for a two year Past- -doctoral 
Fellowship under the EEC Human Capital and 
Mobility programme to investigate the relationship of . 

the cytokine HGF/SF and its receptor c-met in tumour development and 
spread. The research will involve in situ hybridization and PCR techniques. 
This position is only available to nationals or residents of one of the EC 
member states other than the UK. 

Applications, including a curriculum vitae and the names of two referees, 
should be sent to Dr RM Warn, School of Biological Sciences, University of 
East Anglia. Norwich NR4 77 J, Tel: 0603 56161. Fax: 0603 259492. The closing 
date is 28 February 1993. 

UEA ts an Equal Opportunities Employer. {OOBBiE 





WOLFSON COLLEGE, OXFORD 
GUY NEWTON STIPENDIARY JUNIOR RESEARCH 

FELLOWSHIP IN BIOLOGY (INCLUDING BIOCHEMISTRY) 
Applications are invited from candidates, preferably under 30 years, for a Guy | 
Newton Junior Research Fellowship in Biology (including Bioe hemistry) for three <4 
years from Ist October 1993 at an annual stipend of £9.168 plus any general i 
percentage increase in academic salaries that may come into effect, together with 
College housing (or an allowance in lieu) and Common Table meals. The closing 
date for applications is Ist March 1993. Further particulars are obtainable fromthe - 
President’s Secretary, Wolfson College, Oxford OX2 6UD. (OTHE 


WOLFSON COLLEGE, OXFORD 
BP EXPLORATION JUNIOR RESEARCH FELLOWSHIP 
IN GEOPHYSICS 
| Applications are invited from candidates, preferably under 35 years, fora. i 
BP Exploration Junior Research Fellowship in Geophysics for three years & 


| from ist October 1993 at a stipend related to that of a University Lecturer f 
| (currently £13,400 to £20,140 at age 35), together with College Housing $ 

| (for at ‘east the first year) at the standard Co llege rental, and Commen $ 
| Table meals. The closing date for applications is 15th February 1993. 


Further particulars are obtainable from the Presidents Sec 


‘retary, Wolfson f 
College, Oxford OX? @UD. (OBIE f 


‘NEWNHAM COLLEGE, CAMBRIDGE 
RESEARCH FELLOWSHIP IN THE SCIENCES ?} 
Applications are invited from women graduates of any university: 
for a stipendiary or non-stipendiary Research Fellowship in the 


Sciences, tenable for 3 years from 1 October 1993. Applicaticy 
forms and full particulars may be obtained from The Principal, 


i Newnham College, Cambridge CB3 9DF. The closing date. for f 
| applications is 1 February 1993. Selected candidates will be invited 


in mid-February to submit, by 1 March 1993, three copies of a $ 


| dissertation or other written work. The College expects to reach a | 


decision in April 1993. woe F 


ASTON UNIVERSITY 
DEPARTMENT OF PHARMACEUTICAL SCIENCES 
CRC POSTDOCTORAL RESEARCH 
FELLOWSHIP IN ANTISENSE 

OLIGONUCLEOTIDE THERAPEUTICS 
Applic: mons are invited for rhe ahove post fo support work concerned with the 
efficiency and delivery of antisense oligonacleorides as porennal mhibirors of 
oncogene expression, This CRC-fonded post will suniy (H the efficacy of 
antisense oligonucleotides cargered ro specific oncogenes and GA rhe uprake. | 
transport und delivery profiles using cell cultore models. 
Applications trom cell and molecular Biologists or pharmaceutical screhrists are 
invited for rhis one year post which offers an putia salary of upro Cbd 962 per 
annum. Informal enquiries may be direcred ro Dr S Akheur (relephone of ee 
36I exe. 47667, or Dr WI Irwin texn 418A), 


Application forms and further particulars may be obtained from the -f 
| Personnel Officer (Academic Staff), quoting ref: 9226/6, Aston} 


‘ 4 r a a 3 Ny. we 
University, Aston Triangle, Birmingham B4 TET. Tek 021 359 08 
hour answerphone}. Closing dite for the receipt of applicanions is 24 ja 
1994, a 


agent. 









"ANNOUNCEMENTS _ 










Support for Major Equipment 
for Biomedical Researct 


The Governors of the Trust have decided to institute a new scheme to provide special funds for the 
provision of equipment to be used for biomedical or veterinary research in universities or other 
academic research institutes in Great Britain and Ireland. 































pCa 
ostdoctoral Research Fellowship in 
lant molecular biology. The post is to 
ndertake work aimed at the analysis 
f.the regulation of genes that are 
iduced: during. leaf senescence in 
ca napus. The work will involve 
tion and characterisation of 
omoters of several senescence 
gecific genes that have been 
fentified in. this laboratory. This | 
nalysis should help to identify the 
squiatory elements that are involved 
i this key step in plant development. 
he position is funded for three years. 
in the Research Assistant 1A scale: 
42,129 to £19,328 per annum 
ccording to age and experience}. 

is should. be sent to 
j- Buchanan-Wollaston, 
epartment of Biochemistry and 
iological Sciences, University of | 
andon, Wye College, Wye, Kent | 


Applications for equipment costing more than approximately £60,000 will be considered by a specially 
convened working party of experts which will meet on a regular basis four or five times a year. 










Individuals or groups interested in the scheme should prepare a two to three page outline te include 
details of the project for projects) for which the equipment will be used and the approximate costs 
involved including, if necessary, salaries for any staff required to operate the facility. and funds 
essential to maintain the equipment. In addition, brief curricula vitae of all those involved in. the 
proposal should be provided. If the outline is considered suitable. a full application will be invited. 
Intending applicants should note that the Trust does not support cancer research. 
The Governors-of the Trust would anticipate that in some cases, particularly for very expensive items 
of equipment, the university or institution involved would be prepared to make a contribution towards | 
the costs involved. 
Enquiries about the scheme should be addressed to Dr. Mary Phillips, The Wellcome Trust 
{Equipment}, 183 Euston Road, London NWI 2BE. Tel: (071) 611 8888. Fax: (071) 611 8545 















items of equipment costing less than £60,000 will continue to be considered in competition with. 
project grants by the most appropriate Panel, as will applications for equipment over £60,000 which 
form just part of a larger project or programme. 


N25 SAH, England, and should 
clude a covering letter, curriculum 
itae, list of publications and the. 
ames of three individuals from 
‘hom. letters of reference may be 
ought. There is no closing date. 
or further details, phone 6233 
ps or fax 0233 8713140. 

e Callege fs an equal opportunities 


(OVSB}E 


















pnployer. 


THE BEATSON INSTITUTE 
STUDENTSHIPS | FOR CANCER RESEARCH 


ee aes PhD STUDENTSHIPS © 
ROYAL FREE HOSPITAL SCHOOL OF MEDICINE | | |,e sentre with an international reputation 10 the 1 





(University of London) cancer research. It forms part of the Cancer 
| Laboratories complex which alsocontains the Unive 


a | Studentships (including a Medical Oncology and Radiation PEAS H Thein 
oe a oe BG a oe ee ge i full-time research groups using the techniques of 


Wellcome | Prize Studentship) Boy and prae . ae to e a 
eT a aa aeaa e daa a Ad anA | uring growth and differentiation and the roles. 
vailable for research studies in a multi-disciplinary group | suppressor genes in tumourigenesis. The Institut 


funded by a a Rl aoe ad me Supper 
E WELLCOME TRUST AND THE degree with Glasgow University and funded by the F 
RITISH HEART FOUNDATION for thairng students thoroughly in up-to-date technol 


el investigating excellent success rate in students achieving PhDs a 
he central nervous system in cardiovascular control 5 
“Interests are in using in vitro electrophysiological and 
cological approaches to study CNS control mechanisms. 
ates, or those expecting to graduate at the end of this Academic 
: 'hysiology, Pharmacology or a cognate science should contact: : i SAR 
or- KM. Spyer, Department of Physiology, The Royal Free Rhett pial ness in rnyelor 
iSchool of Medicine, Rowland Hill Street, London NW3 2PF between bovine papilloma virus and quercetin ince 

























re 
to : 
































EONS i LW Coggins} transforming properties of myc andi 
H Crouch, Dr D A F Gillespie}; oncogene change 
interactions during erythroleukaemia progression (| 
interactions in tumour metastasis (Dr J Pitts, Dr G 


suppressor genes and chromosome instability in ca 
Parkinson}, the role of the haemopoietic stem cell 
Pragnell, Dr G J Graham). | | 

For further details contact Dr P R Harrison, Post: 
Coordinator, The Beatson Institute for Cancer. 
Estate, Switchback Road, Bearsden, Glasgow G 
9361. FAX: 041-942 6521. | 






inhor 


Please mention 


gh 
ak, 


cancer research Woy 


campaign 










at present research interests cover the following topics: 
neuroscience, endocrinology, reproduction, | membrane 
ahysiology, developmental, cell and molecular biology. Detailed 
information on these research programmes can be obtained from 
the Department. l 

Applicants, who should have or expect to be awarded a first 
cass or upper second honours degree in one of the biological 
sciences, should send acopy of their curriculum vitae, astatement 
of their research interests, and the names and address of two 
referees to: Professor R.W. Guillery, FRS, Department of 
‘Human Anatomy, South Parks Road, Oxford, OX1 3QX as soon 
as possible. (0091}F 

















_COURSES | 


Í COURSE ON SEPARATION TECHNIQUES 
IN PROTEIN PURIFICATION 
"23rd to 25th March 1993 


Organiser: Harish Patel 
Department of Biochemistry 
Charing Cross and Westminster Medical Schoo! 
London Palace Road, London W6 8RF 
IN CONJUNCTION WITH 
PHARMACIA BIOTECH LTD. 
The course is designed to give practical training in separation techniques for 
protein purification. It consists of lectures and practicals. 
For details contact Shirley Line tel. 081 846 7048, fax 081 846 yee D 






= Running 


























Wye College 
University of London 
Techniques in Plant 
Molecular Biology 
September 5th-17th 1993 

_ Plant Molecular Biology 
Laboratory, Wye College 
|... University of London 
| This intensive practical course, being 
_ | fun for the third year, is designed to 
Cp provide a training in the key 
<p techniques of plant molecular biology. 
{itis aimed at scientists wishing to 
f expand their research to include this 
¿farea The course will cover the 
[following techniques: 
-|Gene. . fusion construction, DNA 
-psequencing and computer analysis, 
 p plant nucleic acid isolation, Southern | 
| and Northern blotting, RFLP analysis, 
_ | MANA isolation, cDNA synthesis and 


& . 
immunology to 
| oceanography, 
-Teloning, polymerase chain reaction, f i 7 A E ge l 
san mane aiaiel || Trom public and 
bardment techniques, analysisof P| po 
private sector, 


reaches them 
all 













From 
undergraduate 
to director, 
from 























































partment 
Nye College, Wye, Ashford, Kent | 
25 5AH, UK. Tel. 0233 812401, | | 
Fax: 0233813140. its 
ye College is an equal apportunities f| 





























| most appropriate. To aid in the search for an appropriate host, NI 









MR C o “mre to L 
PROGRAMME 


A new four year programme leading t 
a PhD will be available from October 1993 in the MR 
Institute for Molecular Cell Biology. The Institute includes: 
the MRC Laboratory for Molecular Cell Biology (a new 
building at University College London (UCL) which opens in 
the spring of 1993 and will have up to 15 research teams) | 
and cell biological laboratories distributed throughout the _ 
Life Science departments of UCL and King’s College, 4 
London. During their first year students will be able to work | 
in up to three different Institute Laboratories carrying out § 
three to four month rotation projects before deciding upon 4 
their final thesis project. a 
Selected applicants will be invited to visit the IMCB on its 2 
open day in February. There are no official application | 
forms. Candidates should send a curriculum vitae which 4 
outlines their academic record and the names of twog 
academic referees to: Graduate Programme, MRC! 
Laboratory for Molecular Cell Biology, University | 
College, Gower Street, London WC1E 6BT by January 
31st 1993. (00890 


ii 
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GRANTS FOR RESEARCH 
IN JAPAN 


The Wational Science Foundation (NSF) and the Japar. 
Foundation’s Center for Global Partnership (CGP) announce a new 
program to encourage US scientists and engineers to participat4 
in research in Japan. US science and engineering researchers 4 

the level of postdoctorate* and above in industry, government, cy 
university, may apply for support to conduct research at Japanese 
corporate, government, or university laboratories. , 

Depending upon the length of stay, support will consist of somi 
all of the folowing items: salary, travel, relocation experi 
housing, and Japanese language study. On 
The US researcher must take the initiative to correspond i 
potential Japanese hosts and to identify the one who will be l 


Hi. 




















will furnish upon request directories of Japanese institutio 
willing to receive American researchers. d 

| Applications will follow NSF's standard proposal format | 
outlined in the “Grants for Research and Education in Science 
Engineering: An Application Guide,” NSF publication 92-¢ 

| Project Descriptions are limited to five pages for research staysy 
three to'six months and 10 pages for research stays of more thy 
six months. Beginning December 1992, proposals will be accep, 
for fellewships to begin after June 1, 1993. The target date | 
proposal submission will be February 15, 1993. T 4 


For further information as well as copies of the materi 
mentioned above contact: Japan Program, Division | 
International Programs, National Science Foundation, 1 
Street, NW, Washington DC 20550. Phone: (202) 653 | 
| TDY: (292) 357 7492. e-mail: nsfjinfo@nsf.gov (internet 
nsfjinfo@nsf (Bit Net). 


D or equivalent professional research experience beyond an MS degree inthe ne 
Sciences OFengingéring|) (NW8790 
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FO OR TRAINING It n 


x * * 


BIOMED 1 
* 1991-1994 * 
k * 

ky 







1. SCOPE 


pplications are invited for training grants (6 to 18 months) or for short training periods (normally up to 6 months bi 
12 months for University professors or Heads of Department} from scientists who are citizens of a Member State of 
European Communities or of another State participating in the Biomedical and Health Research Programme. Dur 
iis up to 1994 citizens from the European Free rade Association (EFTA) countries may become eligible to aj 
-2 fellowships. 

















Applicants will be seeking to undertake, in a laboratory located within one of the participating countries, specific research | 
mh the field of Biomedicine and Health. The training activities must riot take place in the applicant's country of citizenship or: 
: the cgeintry ir in whic the hacen | normally resides. l 


pplicant; it must be based upon the transnational. 


Tne choice of the host laboratory łe 
criteria of scientific excellence. 


mobility requirements def ined ab ove and up6 


PPLICATION 


: “Applications can be submitted at any fime durin throughout the period 1991-1994. The selection committee will : 
, with deadlines for submissions of 15 January, 


meet three times a year, in March, June and November, 








f "april and 15 August 
















tion lative to the rules governing the system of Community; support for the training and mobili y 
e following specific conditions are applicable forthe Biomedical and Health Research Programme: 


2 - Junior level - category 20 (period = 6- 18 months) Bel ke 
-Applicants must hold a university degree. Their curriculum vitae should: contain at least one publication accepted fo Pan. 
international peer-reviewed scientific journal. a 


oe | - Senior level - category 30 (period = 6-18 months) 

fi ants must hold : a PhD degree or have an equival experience in research. Their list of publications sh 

| minimum Hof Tor articles as first author, published in international peer-reviewed scientific journ 
wants vary betono one asia and another, according to DG . 

















am a specific t 
a a dane a 












- University professors or Heads of D D: 

such senior employed scientists, on leave of, enke, the C ne Si 
ing scientist during the training by a monthly, allow nce of approximately y 1 “000 ECU. I The running ‘costs o ‘the 
activities can be coverediby thes commission up to 1,000 ECU per month. oe 


$ 0 NI ORMATION. 

= Further details can be ee from: Miss M. MONGINE(Phone: 32/2/295 85 96) (Fax 32/21295 5 
- Commision of the European Communities | a 

en eral for Science, Research and eres (DG: i 














INSERM CALL FOR PROPOSALS 1994 


The Philippe Laudat Conferences are intended PROCEDURE 

to Saa high level medical scientific The form for the declaration of intent should be asked 

exchanges throughout Europe and the world to Philippe Laudat Conference office. 

4 sn on ee clinical fields such as An interview of one of the members of the Siennie 
tomedical and health research. organizing Committee might be scheduled in june 1993. 

Originat programmes and new approaches 


are encouraged. Deadline for sending the declaration 
CONFERENCES STRUCTURE of intent : April 9th, 1993 


The European scientific organizing committee 
should be made up of at least three members, 
one of whom needs to be French whilst the 
other committee members will be from at least 







two other European countries. INSTITUT NATIONAL DE LA SANTE 
The Philippe Laudat Conferences will take ET DE LA RECHERCHE MEDICALE ~ 
place in the Alsace region of France in CONFERENCES PHILIPPE LAUDAT 
autumn and will last four days from Sunday Bureau des Colloques et des Conférences 
evening to Thursday afternoon. The total Département de l'information 
number of participants will be kept to about et de la communication 
- ninety. INSERM will provide support services 101, roa oe Tolbide 

for Ta Conferences and settle travel and Era aai erea 

Téléphone : 33 (1) 44 23 60 89/60 87 
accommodation expenses for invited Télex : INSERM 270 532 F 


- speakers. Télécopie : 33 (1) 45 85 68 56 












CONGRESS wo 





12TH INTERNATIONAL CONGRESS OF THE 
INTERNATIONAL SOCIETY OF DEVELOPMENTAL BIOLOGISTS 


August 8-13, 1993, Austria Center, Vierna, Austria 





CHAIRMEN AND SESSION TITLES 













aaan aaa RAOTTAA ONANAN ONANAN 
WALTER GEHRING: Morphogenetic | THOMAS M. JESSEL: Control of neuronal 
gradients and body plan. | identity. 





AM petaem u iian om iini Anann a R e ee na aaa aaa aaa trainns 


i 
a E Na Mr alee Ps | 
GERALD M. RUBIN: Development of insect ALFONSG MARTINEZ-ARIAS: Boundaries. | 
sensory systems. 


and fields in early embryos. 


tan aah A ER AENEA ac acta Cae es m aenean aae nnn ihren PERR | 
HARTMUT BEUG: Hematopoiesis. | TIM HUNT: Celi cycle in development. T 


MAA Anhe mitiani Arena innan ganiyan i i e heres mamana aa a anaana i iira 


| 
| 
| 
oa LATS RCA AE SNL AE ER OT 
GERALD M. EDELMAN: Cell adhesion and | MARTIN RAFF: Cell death. | 
| 
| 
| 
| 








cell ee ea in sient daa 















saiad 


PLENARY SPEAKERS 
EH DAVIDSON, J B. - GURDON, M: w. KIRSCHNER, EM. MEYEROWITZ, Ch. NUSSLEIN-VOLHARD 









FOR INFORMATION AND REGISTRATION FORM, PLEASE WRITE BEFORE 15. FEB TO: 

Mr Oliver Butz, INTERCONVENTION KONGRESSORGANISATION, 

, Austria Center Vienna, Am Hubertusdamm 6 / A-1450 Vienna. a 
e FAX: 43 1 2369 648 A 



















oresar gene ‘inactivation ie “yuhinege mouse akin 
carcinogenesis, L.J. Marnett--Stimulation and inhibition of oxidant 
formation in mouse skin in vivo, L. A. Loeb--Specific mutations 
caused by oxygen free radicals, S.R. Tannenbaum--Nitric oxide: 
cytotoxicity ‘and mutagenicity to mammalian cells, T. Lindahl-- 
Enzymatic repair of enodgenous DNA damage, N. Holbrook-- 
GADD153, a growth arrest and DNA damage inducible member of 
the CCAAT/enhancer-binding poen CERP) gene r E. R. 


peroxides and aging 


SESSION H: 

Biomarkers & T Siäceptbäity Factors {J.D.Groopman and M.P. 
Rosin), G.N. Wogan--Experimental validation of biomarkers for use 
in transitional epidemiological investigations, J.D. Groopman- 
Application of molecular dosimetry biomarkers to chemo- 
prevention, S.S. Hecht--Biomarker studies on tobacco-specific 
nitrosamines, M.G. Simic--Biomarkers of oxidants in vivo, E. 
Moustacchi--Radiation: ‘effects on mutant frequency, M.P. Rosin-- 
Ruman models for promotion, F.F. Kadlubar--Metabolic phenotypes 
d nd cancer susceptibility, B. S. Hulka--Biomarkers in transitional 
epidemiologic studies 






SESSION ii: 

Molecular. Diagnostics tc. C. Harris and P. Correa), 

P. Correa-Phenotypic ‘and genotypic events in human gastric 
c genesis, J.L. Bos--Role of ras mutations in human 
genesis, C.c. Harris--Mutational and functional analyses of 
nor suppressor gene in human carcinogenesis, D. Sidransky- 
jutations in cancer diagnosis, P.A. Cerutti--Mutagenesis of 
rotooncogene and p53 tumor suppressor gene in human 
M. Schiffman--Molecular diagnostics of human cervical 
and the effects of misciassification, K.H. Kraemer-- 
jerma pigmentosum: molecular markers and cancer 
ntion, L. Grossman--DNA repair proficiency and basal cell 
noma: a molecular epidemiology study 
















alt dora P. “Talalay--Role of enzyme induction in 
protection, T. Curran-- 







sor red s í cou rtesy c of the Henkel Corporation 


S Anticarcinogenesis & Radiation Prote ti 
Mechanisms, Biomarkers, Molecular Diagnosth oS é 
Preventive Strategies 


April 18-23, 1993 
Inner Harbor, Baltimore, Maryland, USA 


Redox regulation of Fos and Jun, 













chemoprotective agents, R. Lotan-Retinoids as mod 
squamous cell carcinoma growth and differentiation, T.N 
Suppression of hydroperoxide-induced cytotoxicity by polypheno 
S. de Flora-Chemoprevention of DNA adducts and ochre 

degenerative diseases by thiols, A. Kennedy--Potential mi 
for the prevention of carcinogenesis by protease inhibitors 










SESSION V: 
Nutrition, Exercise and Cancer (B.D. Roebuck and C. ip), Se 
A.T. Diplock--Antioxidant nutrients and cancer prevention, Ge ip- 
Potential of food modification in cancer prevention, H. do 
Thompson--Exercise intensity and duration in the initiation o 
mammary carcinogenesis, B.D. Roebuck--Dietary modulation of 
pancreatic cancer: calories, lipids and exercise, M.J. Wargovich- 
Modulation of gastrointestinal cancer and biomarkers w 
chemopreventive agents a 


SESSION VI: = 
Roundtable Discussion--Strategies for Cancer Prevention: Diet, K 
Foods, Additives, Supplements and Drugs (M.G. Simic) : 


SESSION VII: 
Clinical Interventions (K.J. Helzlsouer and M.D. Abeloff), | 
J.B. Mitchell--Potential use of nitroxides in radiation oncology, G 
Kelloff--Progress in chemopreventive agent development, K 
Helzisouer--Seriologic markers of cancer and their use in clini 
trials, P.R. Taylor--Prevention of esophageal cancer: the nutrit 
intervention trials in Linxian China, W.K, Hong-Chemopreventi 
of aerodigestive epithelial cancer, A. Costa- 
chemoprevention of human cancers with the syn 
fenretinide, G.S. Omenn--The @-carotene and reti 
(CARET): a multicenter chemoprevention > 
populations at high risk for lung cancer, smokers 
exposed workers, C.K. Redmond--Rationale and 
NSABP breast cancer prevention trial E 

















CONTRIBUTED PAPERS: platform and poster sessions 














For further program informatión, contact: 
Thomas W. Kensler, Ph.D. or Michael A. Trush, Ph.D. 
Division of Toxicological Sciences, Room. 7032- 7 
Johns Hopkins School of Hygiene & Public Health 
615 N. Wolfe Street, Baltimore, Maryland: 21 
Telephone: (410) 955-4712; FAX: (410) 95! 

For registration, CME or general information, cont 
Jacqueline Corn, D.A., 4-ICARP Secretariat 
bs ila (410) 955- 2609; FAX: (410) 956 














of Eukaryotic R RNPs 
a Switzerland 
L5 Au ust 28 September 2, 1993 


The Workshop, . a follow up of previous European RNP. 
1eetings held in Heidelberg and Delphi, will cover 


















T his practical course: (spo sored 

Jis intended to teach its pat 

| ants recent, advanced 
ecombinant DNA a 











most. 








































topics such as small nucleoplasmic and nucleolar RNPs, Biology E ma zoa 
nRNPs, new. RNPs and cytoplasmic RNPs. oe oe “anational anis who aia ; 
he Workshop will be limited to approx. 70 participants | | | sata! os ue R pr estigious 
ho will. be either invited or selected amongst J. 
terested applicants. There will be no- charge for WEBY journal 
sgistration or accommodation but the organizers are ga bes | 
ot able to reimburse travel costs. Netherlands eer a of science. 


x: 43} 30 


Interested — participants should- contact: Witold (woa25}V 


| ilipowicz, Friedrich Miescher-Institut, P.O. Box 
543, 4002 Basel, Switzerland, Fax 41-61-6973976, 
before March 1st, 1993, and. send CV and documents 
escribing their present research. 


< Organizers: W. Filipowicz (Basel), l. Mattaj (Heidelberg) 
= [and W. van Venrooij (Nijmegen). (W0415}V 





534888. 





















CONGRESS continued 


mememe iamnan hannarna aaam V 






Oa eE KAEA 


-Second naon Congress 
Very Ultra Low Dosage 
FIRST ANNOUNCEMENT 


80th SEPTEMBER, 1st and 2nd OCT OBER 1993 
| BORDEAUX, FRANCE 


Scientific program: Plenary lectures, Oral 
Communications sessions: © 


7 MICROELECTRODE TECHNIQUES FOR 
© CELL PHYSIOLOGY 


-| Thetoth workshop will take place at the Laboratory of the 
-| Marine Biological Association, Citadel Hill, Plymouth, UK 
| from September 8th to 22nd, 1993. The Workshop aims to 
provide first hand experience in a number of 
| -electrophysiclogical techniques for postgraduate 

| students and postdoctoral. workers. The following 
















techniques will be available: Biochemistry immunolog iy ; 
Biophysics Molecular biology: 
1. Patch-clamp Clinical pharmacology Physical chemistry 
2. Voltage-clamp Experimental pharmacology Precio 
3. lon-sensitive microelectrodes Haematology - Toxicology 






Deadtine for scientific abstracts: 1st March 1993: 


Further inquiries regarding Scientific Abstracts should be 
l directed, correspondence to the Congress: 
Secretariat of VULD Congress 
Haematolo Ve boratory 
Faculty of Pharmacy 
3 place de la Victoire 
33076 BORDEAUX - FRANCE 


& Phone: ne: (38) 56 56-91-34-24 Ext. 711 Fax: Gas 56-94-31-28 


4. Intracellular dye injection 
| 5. Fluorescent dye techniques | 
© The course fee of £975 includes accommodation, meals 
| and tuition. Some bursaries will be available. 
_ | For further details contact: Dr D Ogden, National 
: Institute for Medical Research, The re Ridgeway, London 
















l Closing date f for t applications: 31 March, 1993. (0100)V 
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Source: Nature Readership survey, 1990 
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Published monthly 

Nature Genetics fills the need for a high-quality journal 
that can serve as the focal point of publication for 
genetics researchers worldwide. 


The hallmark of Nature Genetics is especially rapid 
publication of the latest research findings and 
discoveries. 


- Articles published in Nature Genetics are subject to 
the same rigorous review system which has set 
Nature apart for its informed, fair editorial judgement 
and prompt publication. 

Nature GENETICS will serve as the medium of 
information exchange in the field... 

The $3 Billion Human Genome Project promises 
substantial growth in the identification of the number 
of genes responsible for development and disease. 


Nature Genetics covers these important advances 
and has published the following papers: 


Maternally transmitted diabetes and deafness 
associated with a 10.4 kb mitochondrial 
DNA deletion (Apri! 1992) 
S W Ballinger, J M Shoffner, E V Hedaya, | Trounce, 
M A Polak, D A Koontz & D C Wallace 
Rapid generation of region specific probes by 
chromosome microdissection and their 
application (Apri! 1992) 

„P S Meltzer, X-Y Guan, A Burgess & J M Trent 


F Evolution of the mammalian G protein a 
subunit multigene family (May 1992) 


T M Wilkie, D J Gilbert, A S Olsen, X-N Chen, T T Amatruda, 
J R Korenberg, B J Trask, P de Jong, R R Reed, M I Simon, 
N A Jenkins & N G Copeland 
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A survey of expressed 

genes in Caenorhabditis elegans (May 1992) 

R Waterston, C Martin, M Craxton, C Huynh, A Coulson, 

L Hillier, R Durbin, P Green, R Shownkeen, N Halloran, 

M Metzstein, T Hawkins, R Wilson, M Berks, Z Du, K Thomas, 
J Thierry-Mieg & J Sulston 

Caenorhabditis elegans expressed sequence 
tags identify gene families and potential 
disease gene homologues (May 1992) 

W R McCombie, M D Adams, J M Kelley, M G FitzGerald, 

T R Utterback, M Khan, M Dubnick, A R Kerlavage, J C Venter 
& C Fields 

The gene for the peripheral myelin protein 
PMP-22 is a candidate for Charcot-Marie-Tooth 
disease type 1A (June 1992) 


P | Patel, B B Roa, A A Welcher, R Schoener-Scott, B J Trask, 
L Pentao, G J Snipes, C A Garcia, U Francke, E M Shooter, 
J R Lupski & U Suter 


Plus much more. 


arn 


Subscrit eno id save mone U OFF 
Just ‘enolate the order form below & return it to 
us with your payment for a one year personal 
subscription (12 issues) at £175 - that's 50% OFF 


criotion Order SASO 





| Enter my subscription to Nature Genetics at the introductory savings rate checked below: 
Personal: 1-Year (12 issues) £175 - 50% OFF! _ Institutional - 1-year (12 issues) £350 - Special introductory rate 


— Charge my: VISA MC AMEX 
ACCESS/EUROCARD SWITCH CONNECT 


_ Signature 











Institution/Company 


Address 











City 








State/Country 
IMPORTANT: Payment by 








Area/Postal code 5 ai 





personal cheque or credit card must accompany an individual subscriber order. We will accept payment in any currency at the preveling 
exchange rate. Basic annual subscription rate £400 





TO CREATE YOUR FINEST WORK 
YOU NEED THE RIGHT TOOLS 



























Life science researchers are at the frontier 
of one of today’s greatest challenges - a 
geeper understanding of the biological role 
of carbohydrates. To meet that challenge, 
investigators need the right tools to probe 
and characterize oligosaccharides to the 
finest level of detail possible — tools which 
include instrumentation, reagents, kits and 
~- analytical services 


Oxford GlycoSystems is dedicated to pro- 
viding the highest quality glycobiology 
research tools plus technical literature, 
applications information and the latest 
research news. To help you create your 
finest work and ensure that you have the 
right Tools for Glycobiology, call us today 
for free technical information 


y Xx xford GlycoSystems 
XN 


Tel:+44 (0)235 553066 Fax:+44 (0)235 554701 
Tollfree from 

North Amefica and Canada: 1-800 722 2597 
UK: 0800212061; Germany: 0130 81 37 48 
France: 0590 86 08: Switzerland: 155 2739 


Reader Service No. 556 
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